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 General Abstract 
The European Endangered Species Programme (EEP) established for the 
lion-tailed macaque (Macaca silenus) has aimed to sustain a viable captive 
population but has faced a number of difficulties. This research provides insight 
into how the captive environment affects the behaviour of lion-tailed macaques and 
makes recommendations on how zoos can improve their care and management of 
these macaques. A comparative study undertaken on lion-tailed macaque groups 
across four European zoos revealed that group size and enclosure complexity had 
the greatest impact on behaviour. The importance of both the physical and social 
environment were then examined in the lion-tailed macaque group at Fota Wildlife 
Park. Relocating the macaque group to a new, larger enclosure increased 
behavioural diversity, while further research found that visitor level and visitor 
noise did not negatively impact this group of macaques, with enclosure design 
potentially a key factor. Examining four undergraduate studies undertaken on the 
lion-tailed macaques in Fota Wildlife Park over a period of six years, revealed how 
alterations to the size and composition of a captive group can have significant 
effects on behaviour. The introduction of three new males into the lion-tailed 
macaque group at Fota emphasized the importance of slow and careful methods 
when introducing unfamiliar individuals. The introduction of another male to a 
singly-housed male macaque highlighted the benefits of pair-housing, even in a 
species where males typically do not tolerate one another. Four simple and cheap 
water-based enrichments were also assessed for a pair-housed male and female lion-
tailed macaque. Several recommendations are made on the husbandry and 




General Introduction  
1. 1 The role of zoos 
The modern zoo has become fundamental to the conservation of numerous 
endangered species. Zoos and aquariums participate actively in conservation by 
educating visitors, facilitating research, maintaining captive stocks of endangered 
species (and reintroducing them where possible), as well as supporting in-situ 
conservation projects (Hosey et al., 2013). It is estimated that over 700 million 
people visit zoos and aquariums worldwide each year (Barongi et al., 2015), an 
amount unparalleled by any other conservation-based institution (Gussett & Dick, 
2010), placing zoos in a unique position in connecting the public with conservation. 
Visitors do in fact view zoos as a place to learn about conservation and 
environmental issues (Falk et al., 2007; Clayton et al., 2014; Ballantyne & Packer, 
2016; Grajal et al., 2016).  
Zoos have become important resources for research purposes (Princeé, 
2001), with zoos themselves stating research as a priority (Roe et al., 2014). Zoo 
records and experienced staff have the potential to enhance research (e.g. Feistner 
& Price, 2002; Fidgett et al., 2008; Hosey et al., 2011). Additionally, species that 
are rare or difficult to see in the wild are more accessible to researchers in the zoo 
environment (Feistner & Price, 2002), providing opportunities for research in 
multiple fields, including reproductive biology, genetics and nutrition (Hosey et al., 
2013) and, perhaps most importantly, in behaviour-based research. Zoo-based 
studies of animal behaviour have increased over the last few decades (Hosey, 2005), 
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providing information that has helped improve the management of these captive 
animals (Eisenberg & Kleiman, 1977; Singh & Kaumanns, 2005). Increasingly, 
research collaborations between zoos and universities are becoming commonplace 
(Anderson et al., 2008). These collaborations between zoos and universities are 
important (Kelly, 1997; Feistner & Price, 2000; Fernandez & Timberlake, 2008), 
improving both conservation efforts (Feistner & Price, 2002) and programmes 
within zoos, such as animal husbandry and welfare, as well as the education of 
visitors (Lawson et al., 2008; Crockett & Ha, 2010).  
It is vital that species that are endangered in the wild are maintained in viable 
captive populations if zoos want to be considered arks, protecting species from 
extinction (Magin et al., 1994; Kaumanns et al., 2006; Hosey et al., 2013). 
Although only around 15% of taxa kept in zoos are under threat, some with numbers 
too low to ensure viable populations (Magin et al., 1994), zoos are still crucial in 
maintaining captive stocks of many species; some species exist at higher numbers 
in captivity than in the wild (e.g. Arabian oryx Oryx leucoryx: IUCN SSC, 2017) 
while other species, such as Père David’s deer Elaphaurus davidianus, are now 
extinct in the wild and only found in captivity (Jiang & Harris, 2016). A recent 
survey carried out by Gilbert et al. (2017) found that around 19% of the species 
held by European Association of Zoos and Aquarium (EAZA) member institutions 
were classified as threatened or near threatened taxa. Some reintroduction attempts 
involving zoos have had success, including the golden-lion tamarin (Leontopithecus 
rosalia) in Brazil, however successful reintroductions from zoo populations are still 
relatively uncommon (Hosey et al., 2013), with only around one in five zoos 
reported to participate in reintroduction programmes (Beck et al., 1994). Gilbert et 
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al. (2017) examined over 200 reintroduction projects reported by the IUCN and 
found that 35% had zoo or aquarium involvement, primarily through funding, 
provision of staff or equipment or project coordination, with zoos only providing 
captive-bred animals for release for 20% of these projects. Participation in in-situ 
conservation projects, both at the local and global level, and managing animals in 
captivity as a metapopulation (such as moving animal between institutions for 
breeding) are vital in continuing the conservation efforts of zoos (Keulartz, 2015). 
There are currently just over 26,000 species under threat from extinction 
(IUCN, 2018) and 25% of all mammals are under threat (IUCN, 2015), with habitat 
loss the leading cause. Many primate species in particular have suffered severe 
habitat fragmentation and degradation (Kaumanns et al., 2008). Zoos are one of the 
key drivers of in-situ conservation, protecting species and preventing habitat loss, 
both locally and worldwide. They are one of the main providers of conservation 
funding (Gussett & Dick, 2010); one such example is WildCats Conservation 
Alliance, an organisation that protects wild populations of tigers and Amur 
leopards, of which zoos are the largest financial contributor (WildCats 
Conservation Alliance, 2018). 
1.2 The zoo environment  
There are numerous variables in the zoo environment that can have multiple 
effects on the behaviour and welfare of a captive animal; for example, the available 
enclosure space and complexity, the presence of visitors and chronic noise, and 
husbandry and management, including relocations and changes in group 
composition (see Hosey, 2005).  
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The environment in which an animal is housed can have significant effects 
on behaviour and welfare (Carlstead & Shepherdson, 1994; Hosey, 2005; Baird et 
al., 2016). The size of an enclosure can be important, particularly in preventing 
stress-related behaviours in animals that are wide-ranging in the wild (Clubb & 
Mason, 2003). However, several studies have shown that the quality, or complexity, 
of the enclosure space may be more significant than the actual size (Hosey et al., 
2013). Crockett (1998) looked at a number of studies on laboratory-housed primates 
and concluded that larger cage sizes was not associated with improved welfare 
(Crockett, 1998). Chang et al. (1999) found that, in a naturalistic and complex zoo 
enclosure, the feeding behaviours of one captive groups of mandrills were similar 
to another semi-free-ranging mandrill group housed in a larger in-situ enclosure.  In 
a study on lion-tailed macaques in Indian zoos, Mallapur et al. (2005a) discovered 
that enclosure complexity had a greater impact on behaviour than enclosure size, 
with higher levels of foraging in enriched enclosures versus barren enclosures. 
Apart from promoting positive animal welfare, numerous studies have shown that 
naturalistic enclosures are important for positive visitor experience (e.g. Reade & 
Waran, 1996; Melfi et al., 2004; Fernandez et al., 2009; Ballantyne & Packer, 
2016), and increasing complexity within an enclosure can further improve visitor 
experience, by providing a more engaging exhibit (Rose et al., 2014). 
The presence of visitors has been shown to have various effects on 
behaviours exhibited by captive animals, sometimes the response to behaviours is 
negative (see review by Hosey, 2000). Sherwen et al. (2015b) found that little 
penguins (Eudyptula minor) exhibited increased aggression as well as altered 
enclosure use to avoid visual contact with visitors when numbers were high. 
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Increased aggression was also observed across multiple primate species in a study 
by Chamove et al. (1988). However, other studies have shown no effect; for 
example, O’Donovan et al. (1993) found no significant change in behaviour or 
enclosure use of captive cheetahs (Acinonyx jubatus) in response to visitors 
presence. Similar findings were reported in a study on multiple felid species by 
Margulis et al. (2003). A study on squirrel monkeys (Saimiri sciureus) found that 
zoo visitors can be enriching, with some monkeys choosing to be near visitors 
(Polgár et al., 2017). It has also been suggested that visitors’ behaviour is influenced 
by an animal’s behaviour, with visitors more attracted to exhibits with active 
animals (Margulis et al., 2003), and this is supported by several surveys on visitors’ 
exhibit preferences, where visitors prefer active animals that are easily visible (e.g. 
Melfi et al., 2004; Fernandez et al., 2009; Carr, 2016). Visitors that generate a lot 
of noise may have more of an impact; noise from visitors and husbandry sources, 
including construction, has been found to have numerous effects on behaviour, 
including increased vigilance in cotton-top tamarins (Saguinus oedipus; Price et al., 
1991) and increased aggression in jaguars (Panthera onca; Sellinger & Ha, 2005), 
while other studies (e.g. in cheetahs, O’Donovan et al., 1993) found no influence 
of noise on behaviour. 
Zoo management practices often lead to changes that can impact behaviour. 
This frequently includes the relocation of an animal to another enclosure. Many 
studies have looked at the behaviour of a captive group after the relocation to a new, 
usually more naturalistic enclosure; these relocations can be beneficial, 
encouraging more desirable behaviours, for example in Hanuman langurs 
(Presbytis entellus, Little & Sommer, 2002) and chimpanzees (Pan troglodytes, 
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Clarke et al., 1982). Other management practices that can have an impact on 
behaviour include alterations to group size or composition (introduction of 
unfamiliar individuals, formation of new groups, etc.), which can result in stress, 
aggression between individuals and changes in social dynamics within a group (e.g. 
in Japanese macaques, Macaca fuscata: Singh et al., 1992; Nakamichi et al., 1995; 
Anderson et al., 2016; and lion-tailed macaques, M. silenus: Zaunmair et al., 2015), 
even impacting on health (Gust et al., 1991).  
It is clear that multiple factors can influence the behaviour of animals 
housed in zoos. Some species have been found to exhibit behavioural flexibility, a 
characteristic which is considered important in coping with the captive environment 
(see Mason, 2010) and which has been noted particularly in response to the lack of 
appropriate space and large group sizes. Chimpanzees and gorillas (Gorilla sp.) 
have been shown to adjust their behaviour when space is restricted, such as 
exhibiting decreased aggression and increased avoidance behaviour (Caws & 
Aureli, 2003; Cordoni & Palagi, 2007; Duncan et al., 2013). An increase in positive 
social interactions such as grooming has been observed in both rhesus macaques 
(M. mulatta) and hamadryas baboons (Papio hamadryas hamadryas) in response to 
crowding conditions (De Waal et al., 2000; Judge et al., 2006), while capuchins 
(Cebus apella) exhibit fewer social interactions and increased self-grooming 
behaviours (Van Wolkenten et al., 2006). 
Some animals develop abnormal or stereotypical behaviour in response to 
captivity, defined by Mason (2006) as ‘repetitive behaviours induced by frustration, 
repeated attempts to cop and/or CNS dysfunction’. Abnormal behaviours can 
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include self-directed behaviours, such as self-biting and hair-pulling (which can 
also be directed at others) (Mallapur & Choudhury, 2003), while stereotypies are 
repetitive behaviours such as pacing (e.g. in polar bears Ursus maritimus, 
Shepherdson et al., 2013), and oral stereotypies (e.g. licking in giraffes Giraffa spp. 
and okapi Okapia johnstoni, Bashaw et al., 2001). Not only are these behaviours an 
issue for animal well-being, but they have a considerable effect on visitors’ 
perception of zoos; viewing an animal pacing, for example, has been shown to 
reduce visitors’ interest in supporting zoos (Miller, 2012).  
One approach in reducing the rates of abnormal behaviours is through the 
use of environmental enrichment, which aims to ‘enhance the quality of captive 
animal care by identifying and providing the environmental stimuli necessary for 
optimal psychological well-being’ (Shepherdson, 1998) and has been shown 
repeatedly to significantly reduce rates of abnormal behaviour (see review by 
Shyne, 2006). Mellen and McPhee (2001) described a framework to implement a 
successful enrichment programme, known as ‘SPIDER’, which includes Setting 
Goals, Planning, Implementing, Documenting, Evaluating and Readjusting. 
Enrichment can work by providing an animal with appropriate stimuli, or by 
introducing variability or choice into the environment (Carlstead, 1998).  
There are several different types of enrichment, including food-based, 
physical (flooring substrate, toys, etc.), sensory enrichment (mirrors, acoustic 
enrichment, scents, etc.), social and cognitive (problem-solving) (Hosey et al., 
2013). For example, increasing the dietary fibre of captive giraffes, through the 
addition of coarse meadow hay to encourage rumination, has been found to reduce 
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the prevalence of oral stereotypies (Baxter & Plowman, 2001). The use of both 
food-based and sensory (scented pine cones) in a mixed-species exhibit (armadillos 
Dasypus novemcinctus, bush babies Galago senegalensis and two-toed sloths 
Choloepus didactylus) led to an increase in enclosure usage (Clark & Melfi, 2012), 
while providing captive felids with frozen fish led to a significant reduction of 
stereotypic pacing (Skibiel et al., 2007). In a group of captive spider monkeys 
(Ateles geoffroyi), the addition of various enrichment, including physical and food-
based, reduced aggression and stereotypies, while also increasing exploration and 
play (Márquez-Arias et al., 2014). Both feeding enrichment and increased 
variability in feeding schedules led to a decrease in abnormal behaviours expressed 
by captive polar bears, while also increasing exploratory behaviour (Wagman et al., 
2018).  
Improving the overall complexity of an enclosure may be more crucial than 
providing individual enrichments (Januszczak et al., 2016). Relocations, which as 
mentioned are common in zoo management practices, can be considered as a form 
of enrichment, providing novelty and stimulation. Some studies have examined the 
effects of frequent changes in enclosure on behaviour. In captive gorillas, frequent 
alterations in enclosure resulted in an increase in use of exhibit space and overall 
activity level (Lukas et al., 2003). In a study on multiple species, recurrent changes 
in enclosures encouraged more species-typical behaviours (e.g. urine-marking in a 
tiger P. tigris sondaica and tapir Tapirus indicus) (White et al., 2003). Frequent 
movements between enclosures also positively influenced rates of exploratory 
behaviour in cheetahs (Quirke & O’Riordan, 2015).  
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The training of zoo animals, to aid in husbandry routines and veterinary 
care, is becoming more widespread, and it has been suggested that this type of 
training may be of benefit to animal welfare, reducing stress, even possibly 
enhancing the effectiveness of enrichment (Laule & Desmond, 1998; Baker et al., 
2009; Ward & Melfi, 2013; Vasconcellos et al., 2016), although training itself is 
not a replacement for enrichment (see Melfi, 2013). Training may also have a 
positive impact on visitor experience, as seen in the study by Alba et al. (2017), 
where visitor interest and learning opportunities were enhanced by training and 
research sessions with captive eastern box turtles (Terrapene carolina carolina).  
It is highly likely that the behaviour of an animal is influenced by multiple 
zoo-related variables, rather than just one (Hosey, 2005). Understanding which 
variables have the greatest impact is essential to enhance the care of species in 
captivity. Studies that compare behaviour across multiple zoos provide the 
opportunity to assess how the captive environment affects behaviour, providing 
answers for species differences in welfare, improving husbandry and enclosure 
design (Eisenberg & Kleiman, 1977; Mason, 2010).  
1.3 Lion-tailed macaques 
The lion-tailed macaque is endemic to the wet evergreen forests (referred to 
regionally as ‘sholas’) of the Western Ghats, a UNESCO World Heritage Site, one 
of 36 global biodiversity hotspots for conservation (CEPF, 2018). Known locally 
as the ‘wanderoo’, the lion-tailed macaque receives its name from its long black tail 
with a tuft of hair at the end, resembling that of a lion. Male and female lion-tailed 
macaques have a similar physical appearance, with black fur and a distinctive 
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silver-grey mane surrounding the head to the chin but exhibit strong sexual 
dimorphism in terms of size; males can weigh between 5 to 10 kg, with females 
around 33% smaller, between 2 to 6 kg (Mittermeier et al., 2013).  
Lion-tailed macaques live in polygynous groups and mean group size in the 
wild is 14 individuals, usually with just one adult male but occasionally up to three 
may co-exist within a group (Kumar et al., 1995; Kumara et al., 2014). They have 
a female-bonded society, with females remaining in their natal group, the youngest 
female offspring inheriting her mother’s rank, and males migrating for breeding 
when mature (Kaumanns et al., 2006).  
Lion-tailed macaques are considered unique among macaques due to their 
patterns of spatial distribution in the wild: Singh et al. (2006b) reported that, during 
scan samples, an individual would be recorded at more than six metres from the 
nearest neighbour in 95% of scans, and at less than three metres in 3% of scans, 
with the opposite found in bonnet macaques. Frequently, wild lion-tailed macaques 
are observed to be largely dispersed throughout the day, sometimes with groups 
splitting to form subgroups (Sakthivelou & Kumar, 1998; Kaumanns et al., 2006). 
Interference with mating pairs is commonly seen in macaques, leading to macaques 
moving away from the core group to mate (Singh et al., 2006a).  
Adult male lion-tailed macaques do not tolerate one another (Kaumanns & 
Singh, 2012), rarely interacting and exhibiting agonistic behaviours when they do 
(Singh et al., 2011). Male lion-tailed macaques also exhibit more agonistic 
behaviours towards females than is seen other macaque species, such as bonnet 
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macaques, and tend to remain peripheral within a group (Hohmann, 1988; Singh et 
al., 2011). 
The lion-tailed macaque was first declared as endangered in the 1970s 
(Singh et al., 2009), and currently there are less than 2500 mature individuals left 
in the wild, existing in 47 subpopulations (Mittermeier et al., 2013), with an overall 
decreasing population trend (Kumar et al., 2008). The main threat to lion-tailed 
macaques in the wild is habitat degradation and fragmentation, primarily the 
conversion of forest to agricultural land (Gibbs et al., 2010). Dwindling food 
resources in the Western Ghats has led to an increase in interactions between lion-
tailed macaques and humans, with reports of some macaque groups consuming 
human food items and crops (Sakthivelou & Kumar, 1998; Singh et al., 2001; 
Mittermeier et al., 2013; Narasimmarajan & Nagarajan, 2013; Erinjery et al., 2017).  
1.4 Lion-tailed macaques in captivity 
Generally, primates in captivity have different life-history parameters than 
those in the wild (Ross, 1992), and certain differences in wild and captive-born lion-
tailed macaques have been noted. In captivity, there is no peak in birth rate 
throughout the year unlike in the wild (Singh et al., 2006a) and average age at first 
birth for females in captivity is four year of age (Kaumanns et al., 2006). Lion-
tailed macaque behaviour in captivity has been found to differ to that of their wild 
counterparts. In a comparison of five captive lion-tailed macaque groups across five 
different British and Irish zoos, Irving-Lewis (2004) stated that the macaques spent 
between 10 and 33% of their time foraging and feeding, between 5 and 15% of their 
time engaged in active behaviours, 30 to 50% of their time resting, and between 4 
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and 17% of their time engaged in social behaviours such as allogrooming, and 
between 1 and 8% of their time exhibiting self-directed behaviours like 
autogrooming. Several studies on wild populations have found that lion-tailed 
macaques spend between 24% (in fragmented forests) and 50% of their time (in 
undisturbed forests) foraging (Kurup & Kumar, 1993; Mittermeier et al., 2013; 
Erinjery et al., 2015). Wild groups have also been observed to spend more time 
moving, ranging from 15% in undisturbed forests, to 34% of their time in 
fragmented areas (Kurup & Kumar, 1993; Menon & Poirier, 1996; Mittermeier et 
al, 2013). Wild groups reportedly spend less of their time engaged in both resting 
and social behaviours when compared to the study on captive lion-tailed macaques 
by Irving-Lewis (2004). Time spent on resting behaviours varies from 16% to 27% 
depending on forest condition, similarly with social behaviours it can vary between 
2% and 4% (Kurup & Kumar, 1993; Menon & Poirier, 1996; Mittermeier et al, 
2013).  
Omnivorous species such as lion-tailed macaques are thought to be more 
likely to exhibit abnormal behaviours in captivity, given that they spend more time 
foraging in comparison to folivores (Mallapur & Choudhury, 2003), and macaque 
species have been found to exhibit higher levels of abnormal behaviour compared 
to baboons (Lutz, 2018). There have been several abnormal behaviours reported in 
captive lion-tailed macaques, primarily in Indian zoo studies, including begging, 
floating limb, stereotypic pacing and hair-pulling (Mallapur & Choudhury, 2003; 
Mallapur et al., 2005a). 
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Two aspects of lion-tailed macaque groups that can be an issue in captivity 
are interference with a mating pair and no male migration (Singh et al., 2006a). 
Limited space in captivity can mean that a mating pair is unable to move away, 
which may impact reproductive success within a group. Although natural male 
migration is not possible in captivity; males can be moved between enclosures and 
institutions, but this is largely dependent on the zoo’s management plan, and the 
recommendations of the European Endangered Species Programme (EEP). As 
mentioned, lion-tailed macaque males do not tolerate one another, but captive 
groups with more than one adult male have been observed to exhibit little 
aggression, provided that the group is stable and has enough space (Lindburg, 
2001). 
1.5 European Endangered Species Programme (EEP) & Fota 
Wildlife Park 
Lion-tailed macaques have been kept in zoos since the late 19th century 
(Singh et al., 2009) and shortly after these macaques were declared endangered in 
the wild, a Species Survival Plan (SSP) was established in North America, with a 
goal of creating a viable captive population (Singh et al., 2009). In Europe, a 
European Endangered Species Programme (EEP) was established for the lion-tailed 
macaque in 1989. The role of the EEP for the lion-tailed macaque has been defined 
as: maintaining a viable captive population, acting as an ambassador for Indian 
wildlife and the Western Ghats region, collecting funding for in-situ conservation 
and encouraging research that will benefit the species (Silwa et al., 2017).                 
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When the EEP for this species began, 12 institutions were involved, this 
increased to 33 by 1999 (Kaumanns et al., 2001) and currently there are 289 
individual macaques at 35 institutions (Silwa et al., 2017), a decrease from 343 
individuals across 43 institutions as reported by Kaumanns et al. (2013). The EEP 
lion-tailed macaque population doubled in size in its first ten years (Kaumanns et 
al., 2001), but this was primarily due to an increase in the number of participants 
and imports of macaques, rather than births. Currently, the EEP population growth 
is mainly reported to be the result of institutions keeping more individuals (Silwa 
et al., 2017).  
The current lion-tailed macaque population housed in Indian zoos is much 
lower, at 70 individuals (Wildlife Institute of India, 2018). A study by Mallapur et 
al. (2007) found that zoos outside India housed lion-tailed macaques in larger, more 
enriched enclosures, and that these macaques exhibited fewer abnormal behaviours 
and had greater reproductive success. Despite this, several issues have been 
reported within the EEP over the last several years, including a low number of 
breeding females, a low number of births, high infant mortality (between 22% and 
35%) and a high number of individuals over 15 years of age (Kaumanns et al., 2001; 
Kaumanns et al., 2013; Silwa et al., 2017). Although the captive environment 
provides ample food and water, veterinary care and protection from predators, not 
all animals thrive in captivity, some with much lower breeding success than would 
be expected (Mason, 2010).  
For the lion-tailed macaque, there are several possible reasons for the 
limited growth within the EEP population, including small group sizes and the 
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removal of individuals. Birth rate is related to group size and composition, namely 
the number of females (Kumar, 1995); low numbers of females within a group can 
influence social behaviours such as allogrooming (Mallapur et al., 2005a) as well 
as reproductive success. Frequently within the EEP population, females are 
removed from their natal group, which may also impact future breeding success; 
lion-tailed macaques have female-bonded groups and females also benefit from 
access to young infants, such as siblings, for ‘play-mothering’ (Kaumanns et al., 
2001; Kaumanns et al., 2008). Furthermore, subadult males, who are commonly 
removed from captive groups, are important for young macaques, as they engage in 
playful behaviours with juveniles, assisting in learning appropriate adult behaviours 
than can impact future breeding success, especially for young females (Kaumanns 
et al., 2008).  
Fota Wildlife Park, located in Carrigtwohill, Co. Cork, is one of the eight 
zoos and aquariums in Ireland that are members of the British and Irish Association 
of Zoos and Aquariums (BIAZA). The park opened in 1983 and now it receives 
over 440,000 visitors a year, making it one of Ireland’s largest tourist attractions 
(Fota Wildlife Park, 2018). Since the park was opened in 1983, there has been a 
strong research link between UCC and Fota, with numerous undergraduate and 
postgraduate research projects undertaken. 
The lion-tailed macaque group at Fota Wildlife Park is one of the most 
successful captive groups within the EEP. In 2014, this group was one of the largest 
at 21 individuals, and there have been 15 births in the group since 2007, with all 
sexually-mature females breeding successfully. It was reported in 2008 that only 
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around 30% of the potentially reproductive lion-tailed macaques in the EEP gave 
birth successfully (Kaumanns et al., 2008). Table 1.1, adapted from Kaumanns et 
al. (2013), with additional information from Silwa et al. (2017), shows the number 
of lion-tailed macaque groups within the EEP and the number of groups with greater 
than 10 individuals. Mallapur (2005) suggested that when housing captive groups 
of macaques, groups should consist of greater than 10 individuals. Group size is an 
issue within the EEP for this species, 77% of the 35 institutions have group sizes of 
fewer than 10, and 43% of the institutions have group sizes of 5 or less (Silwa et 
al., 2017).  
 
1.6 Research objectives  
As mentioned, the EEP for the lion-tailed macaque faces several 
problems. Groups such as the one in Fota Wildlife Park may be important 
in improving the success of the overall EEP population, in addition to other 
captive populations outside the EEP. This research provides insight into 
how the captive environment affects the behaviour of lion-tailed macaques, 
Table 1.1. Group size and number of groups in the European Endangered Species 
Programme (EEP) from 1989 to 2015.  
 Year Number of groups Groups with 10+ individuals (%)  
 1989 13 3 (23.0)  
 1991 17 4 (23.5)  
 1992 26 4 (15.8)  
 1995 29 2 (6.8)  
 1999/2000 38 7 (18.4)  
 2004 42 8 (19.0)  
 2007 44 8 (18.0)  
 2011 43 13 (30.2)  
 2014/2015 35 8 (22.8)  
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and makes recommendations on how zoos can improve their care and 
management of these macaques, through a series of studies that examine: 
1. The key variables that impact the behaviour of lion-tailed macaques in 
captivity (chapter two); 
2. The effect of the physical environment and visitor presence on behaviour 
(chapters three and four); 
3. The effect of changes in group size and composition on the behaviour 
(chapters five and six); 





A comparative study of multiple captive groups of lion-tailed 
macaques; the effect of group size and enclosure complexity on 
behaviour 
2.1 Abstract 
There are numerous ways in which the captive environment can have an 
effect on the behaviour of an animal. This chapter in particular examines the impact 
of enclosure complexity and group size on the behaviour of four different captive 
groups of lion-tailed macaques. Lion-tailed macaques were observed at Fota 
Wildlife Park, Apenheul Primate Park, Bristol Zoo and Howletts Wild Animal Park, 
using instantaneous scan and 15-minute focal sampling methods. Analysis was 
carried out using randomisation tests and G-tests. The results indicate that enclosure 
complexity and group size do have an impact on the behaviour of lion-tailed 
macaques, affecting active, resting and self-directed behaviours as well as 
frequency of time spent out of sight of the observer. Lion-tailed macaque behaviour 
was also found to vary between each zoo, as well as between males and females. 
The European Endangered Species Programme (EEP) for this macaque is facing 
several issues and understanding how captivity affects behaviour and welfare is key 
to maintaining the existing population and improving reproductive success. This 
chapter highlights the importance of both the physical and social environment on 





Zoos play an active role in conservation through education, research, the 
maintenance of captive stocks of endangered species, as well as involvement in in-
situ conservation projects (Hosey et al., 2013). Zoo-based research can contribute 
a great deal to our understanding of a species’ behaviour and biology, also allowing 
us to detect subtle behaviours that may not be possible in wild studies (Hosey, 
2005). However, the zoo environment can have negative impacts on behaviour and 
welfare; zoo environments can be unchanging, spatially limited and frequently 
insufficiently stimulating (Swaisgood et al., 2001).  
The physical environment in which an animal is housed can significantly 
affect behaviour, welfare and breeding success (e.g. Clarke et al., 1982; Carlstead 
& Shepherdson, 1994).  The use of more naturalistic (i.e. similar to areas of a 
species’ natural habitat, or a biologically appropriate design) enclosures is not only 
important for positive animal welfare but also for zoo visitor experience and 
education (Price et al., 1994; Reade & Waran, 1996; Tofield et al., 2003; Melfi et 
al., 2004; Davey, 2006; Fernandez et al., 2009). It has been suggested that, for 
animal welfare, the complexity of an enclosure is more important than size, 
encouraging more wild-type behaviours in species and may help reduce rates of 
abnormal stereotypic behaviours (see Hosey, 2005; Greco et al., 2017). Increasing 
complexity can involve providing species-appropriate furniture, varied substrates 
and vegetation. The benefits of increasing enclosure complexity has been described 
in a range of species, from laboratory-housed rats (Rattus norvegicus), where 
increased complexity encouraged a greater diversity of behaviours (Abou-Ismail & 
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Mendl, 2016) to zoo-housed species, such as one study by Biolatti et al. (2016) that 
found that the inclusion of a water pool (with clean water) in the enclosure of tigers 
(P. tigris) had positive effects on welfare. 
 In primates, increasing enclosure complexity has been found to encourage 
more activity in multiple groups of captive gorillas and orangutans (Pongo sp.) 
(Wilson, 1982; Perkins, 1992) in addition to greater enclosure use in captive 
chimpanzees (Jensvold et al., 2001). In one captive group of orangutans, the 
increase in vertical complexity in an enclosure encouraged more species-typical 
behaviours such as resting in the upper canopy and avoidance of the floor area 
(Herbert & Bard, 2000). In captive felids, greater enclosure complexity has been 
found to encourage activity in captive Indian leopards (P. pardus fusca) across 
multiple zoos (Mallapur et al., 2002), but in another study, increases in complexity 
was determined to have no significant effect on activity levels of other captive felid 
species (Healy & Marples, 2000). The response to an increase in enclosure 
complexity can be species-specific and this is important to consider when designing 
an enclosure. For example, a study by Hardy et al. (2004) found that in eight 
laboratory-housed groups of marmosets (Callithrix jacchus), individuals used the 
floor area of an enclosure more frequently when it was comprised of a wire grid 
compared to a more visually complex sawdust substrate. The authors suggest that 
this species’ adaptation to an arboreal habitat may explain the preference for a wire 
flooring as it can be grasped.  
Environmental complexity can be comprised of not only physical 
complexity but also social complexity (see Badihi, 2006). The social environment 
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in which an animal lives can have even more of an influence on behaviour than the 
physical environment, and groups that are too small or too large can have a number 
of negative effects on the behaviour and welfare (Southwick, 1967; Price & 
Stoinski, 2007). There have been extensive studies carried out on how social 
isolation in an animal, particularly in laboratory-housed primates, can impact on 
behaviour and ability to cope with novelty or stress. For example, Schapiro et al. 
(1996) found that singly-housed rhesus macaques spent more time engaged in 
abnormal or self-directed behaviours when compared to group-housed macaques. 
Early-life isolation resulted in observations of self-directed aggression (which in 
this study was described as behaviours such as self-biting or slapping but resulted 
in no reported injuries) in individual stump-tailed macaques (M. arctoides), while 
wild groups or captive group-housed macaques exhibited none of these behaviours 
(Anderson & Chamove, 1980). The effect of social isolation has also been seen in 
other social animals, such as less preening and increased stereotypic behaviour in 
several species of singly-housed parrots (Williams et al., 2017).  
Groups that are too large can also be a potential welfare issue for captive 
animals, increasing social tension and stress (Honess & Marin, 2006). Several 
studies have suggested that the optimum group size may depend on, not only the 
social needs of a species, but the size of the physical enclosure (e.g. Southwick, 
1967; Judge & De Waal, 1997). Several species have shown behavioural adaptions 
to crowding, as mentioned in chapter one. Judge and De Waal (1997) found that 
affiliative behaviour such as grooming increased between males and females in a 
range of rhesus macaque groups in response to crowding, a suggested coping 
strategy to reduce potential aggression.  
31 
 
Husbandry routines are another aspect of an animal’s captive environment 
that should be considered. Husbandry includes the physical and social environment 
in which an animal is housed as well as nutrition, feeding frequency, etc. A study 
by Melfi (2002) on multiple groups of Sulawesi macaques (M. nigra) suggested that 
social, resting and feeding behaviours are significantly affected by the frequency of 
feeding. As detailed in Hosey et al. (2013), there are two approaches in studying 
how husbandry affects behaviour: ‘bottom-up’ and ‘top-down’. ‘Bottom-up’ refers 
to making speculative changes to an animal’s enclosure or husbandry routine to, for 
instance, reduce the rate of abnormal behaviour (e.g. enrichment). The ‘top-down’ 
approach looks to identify what aspects of the husbandry (or physical environment) 
affect behaviour, subsequently using that information to make modifications to the 
routine or enclosure.  
 Overall, there are numerous aspects of the captive environment that can 
influence behaviour, as highlighted in chapter one, and identifying those that have 
the greatest impact is key to improving welfare (Hosey, 2005). A useful way in 
which to discover which variables have an effect is to compare the behaviour of a 
species across different zoos or captive settings. This type of comparison can help 
to improve husbandry, enclosure design and overall help to improve the welfare of 
captive animals. A review by Mason (2010) provided support for carrying out 
comparative methods across different species, showing unexplained variation in 
welfare across closely related species (such as high rates of abnormal behaviours in 
gentle lemurs (Hapalemur spp.) versus low rates of abnormal behaviours in ring-
tailed lemurs (Lemur catta), and important checks that should be considered when 
carrying out multiple species comparisons.  
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Several studies that have previously been mentioned in this chapter were 
multi-zoo comparative studies (such as Wilson, 1982; Perkins, 1992; Mallapur et 
al., 2002) and another study by Pickering et al. (1992) established, through multi-
zoo research, the recommended minimum flock size for two species of flamingo 
(Phoenicopterus spp.) to breed successfully. These types of studies are beneficial 
in that they increase sample size and reduce the effects of potentially confounding 
variables, as well as understanding how prevalent a behaviour or issue is within a 
(or several) species (Hosey et al., 2013). There are, however, several potential 
problems that need to be considered when carrying out multi-zoo comparative 
studies, including the practical and financial limitations of collecting data, the 
possibility of introducing more confounding variables into a study (Hosey et al., 
2013) in addition to the risks of pooling data. This can lead to a lack of 
independence; animals share more in common with those within their own group 
than with other groups, a fact which may be ignored when data are analysed (Kuhar, 
2006) and is important to consider when carrying out multi-zoo studies.  
In this chapter, the aim of the research was to carry out a multi-zoo 
comparative study, to compare the behaviour of four lion-tail macaque groups 
across four different zoos, with the purpose of determining how enclosure 
complexity and group size impacted on the behaviour of these groups. As stated in 
chapter one of this thesis, small group sizes especially are a problem within the EEP 
for the lion-tailed macaque, with group sizes of five individuals or fewer in almost 
half of the zoos maintaining this species (Silwa et al., 2017). Understanding how 
variation in group size, in addition to enclosure complexity and husbandry, impacts 




A complete overview of the animals and the regime (at the time of research) 
in each of the four zoos included in this study can be seen in Table 2.1. All of the 
lion-tailed macaques included in this study are managed as part of the European 





















































































































































































































































































































































































































































2.3.1 Fota Wildlife Park, Ireland 
The study in Fota Wildlife Park, Carrigtwohill, Co. Cork, Ireland, took place 
in 2014 (Table 2.2). The lion-tailed macaque enclosure consisted of an artificial 
island surrounded by a natural barrier of Cork Harbour water (Figure 2.1 & 2.2). 
The island, shared with a small group of black-tailed prairie dogs (Cynomys 
ludovicianus), contained a large climbing frame, various logs, swings and plastic 
containers, planted with bushes and grass, with a number of raised platforms. There 
were visitor trails on three sides of the island. There were also two indoor houses 
accessed by tunnels on either side of the island, one that was shared (with separate 
pens) with the neighbouring black howler monkeys (Aloutta caraya) and agile 
gibbons (Hylobates agilis).  
The lion-tailed macaque group was composed of 21 individuals; four adult 
males, seven adult females and ten juveniles (or immatures). The macaques were 
fed four to five times a day and the diet included a lot of fruit, scattered around the 
island twice a day and inside the house, with extras of mealworms, ice blocks, eggs, 
browse and corn also provided. Food-based enrichment (tubes, parcels, etc.) and 
items such as rotten logs and browse were provided regularly.  
      2.3.2 Apenheul Primate Park, The Netherlands 
The study in Apenheul Primate Park took place in 2016 (Table 2.2). The 
macaque enclosure was a well-planted island surrounded by a water moat (Figure 
2.3 & 2.4). Visitors were able to view the macaques from trails on two sides of the 




Figure 2.1 & 2.2. The lion-tailed macaque enclosure at Fota Wildlife Park, Co. 
Cork, Ireland (2014). Top photograph: The water moat as a natural water barrier. 
Bottom photograph: The macaques foraging in the vegetation and one of the 






Figure. 2.3 & 2.4. The lion-tailed macaque enclosure at Apenheul Primate Park, 
The Netherlands (2016). Top: Outdoor island enclosure, with water moat. Bottom: 
Well-planted outdoor enclosure, with two macaques grooming on a raised platform. 





and raised platforms. The indoor house was accessed by a tunnel and contained a 
viewing window for the public. The macaques were neighboured by Barbary 
macaques (M. sylvanus) and the Javan langur (Trachypithecus auratus). The lion-
tailed macaque group was composed of nine individuals, with two adult males and 
seven adult females.  
The group was locked out of the house during the day, were fed three times 
a day on the island, and their diet was similar to the macaques in Fota Wildlife Park. 
The dominant adult male was diabetic and was separated briefly from the group 
daily and a urine sample collected via the tunnel for monitoring. The younger male 
‘escaped’ from the island daily during the study; this occurred regularly, and the 
keepers were accustomed to it. The male never wandered far (keeper, pers. comm., 
August 2016) and would repeatedly return to the area surrounding the island.  
2.3.3 Bristol Zoo, UK 
The study in Bristol Zoo took place in 2018 (Table 2.2). The lion-tailed 
macaques were housed in an enclosure consisting of a well-planted outside area, 
with a climbing frame, logs and access to a water moat on one side and a wire fence 
on the other where the public could view the macaques (Figure 2.5). The inside area 
contained a large climbing frame and a layer of wood chip litter on the floor (Figure 
2.6). This inside area had large windows on three sides, allowing for members of 
the public to view from one side. There were also two off-exhibit areas for the 




The group at Bristol had five individuals, with two adult males and three 
adult females. The group were fed three to four times daily and their diet consisted 
of monkey pellets, starchy, watery and leafy vegetables, with mealworms and 
browse also provided. No fruit was included in their diet and food-based and other 
enrichments (e.g. cardboard boxes) were provided regularly. The macaques were 
also crush trained daily; this involves a tunnel with a slide either end and a movable 
middle section, so that an animal can be ‘squashed’, to allow for, when necessary, 
injections to sedate animals for veterinary procedures. The animals were trained 
daily (without injections) to reduce stress. One of the males was also clipper-trained 
daily (nails clipped through mesh). 
2.3.4 Howletts Wild Animal Park, UK 
The study at Howletts Wild Animal Park took place in 2018 (Table 2.2). 
The lion-tailed macaque enclosure at Howletts consisted of a large outdoor 
enclosure surrounded by a dry moat containing an electric fencing. The grassy 
island contained a large climbing frame, raised platforms and other various items 
such as a seesaw and ropes (Figure 2.7). The indoor house was located next to the 
outdoor enclosure; it contained an off-exhibit area for the macaques as well as a 
room with a large viewing window for visitors (Figure 2.8) and an outdoor pen with 
wood chip litter (Figure 2.9). The enclosures surrounding the macaques housed 
cheetahs (A. j. jubatus), Javan langurs and Siamang gibbons (S. syndactylus). 
Before data collection on this group could begin, the former large breeding 
group which had 27 individuals were separated due to issues within the group. The 





Figure 2.5 & 2.6. The lion-tailed macaque enclosure at Bristol Zoo, UK (2018). Top 
photograph: Outdoor area of the enclosure.  Bottom photograph: The indoor area 
of the enclosure with climbing frame and wood chip substrate. Off-exhibit area 






   
Figure 2.7, 2.8 & 2.9. The lion-tailed macaque enclosure at Howletts Wild Animal 
Park, UK (2018). Top: Outdoor area of the enclosure. Bottom left: Indoor area (at 
viewing window). Bottom right: Outdoor pens with wood chip substrate. 






females. This group were fed three times a day, and their diet included leafy 
vegetables, seeds and nuts, with no fruit. They were given regular food-based 
enrichment include jute bags and Kong toys; rubber balls were also present in the 
enclosure. The macaques had access to the indoor house during the day, except 
during cleaning periods. 
2.3.5 Data collection and analysis 
Data were collected using both instantaneous scan sampling (at the group 
level) in between 15-minute random individual animal focal sampling. Data were 
collected between the months of August and September only in the given year, over 
two-hour periods each day in the morning (10.30 h to 12.30 h) and afternoon (13.30 
h to 15.30 h). Data collection took place over five days at each zoo, for a total of 
100 hours, or 318 scan samples and 316 focal samples (Table 2.2).  
Table 2.2. Data collection in each of the four zoos 










24th July; 7th 
August;  







9th-13th July 2018  
Hours 
sampled 
25 25 25 25 100 
Scan 
samples 
78 80 80 80 318 
Focal 
samples 




The behaviours recorded across each of the zoos are included in Table 2.3. 
The variables recorded are described in Table 2.4 were recorded for each two-hour 
period.  The score for each enclosure’s complexity was calculated by assigning each 
enclosure a point for the presence of various materials and furniture (see Table 2.4).   
Data were analysed using R 3.4.3 (R Core Team, 2017). Figures were 
created using the R package ‘ggplot2’ (Wickham, 2016). For the scan sample data, 
the mean frequency of each grouped behaviour was calculated for each sampling 
day. The data were then analysed using randomisation tests as recommended in 
Bishop et al. (2013) for small sample sizes and to deal with issues of independence 
(Kuhar, 2006). Visitor level, visitor type, breeding status and feeds per day were 
excluded from the analysis as they were similar in each zoo. To determine if 
enclosure complexity or group size have an effect on behaviour of the lion-tailed 
macaques, a linear model with permutation test was performed for each of the 
behaviours using the R package ‘lmPerm’ (Wheeler & Torchiano, 2016), and 
results are reported using the p-value and estimated coefficient. To determine if the 
presence of fruit in the diet had any impact on behaviour, a one-way ANOVA 
equivalent test was performed for each of the behaviours using the ‘coin’ package 
(Hothorn et al., 2006).  
For the focal samples, a Mann-Whitney U test randomisation test equivalent 
was performed using the R package ‘coin’ (Hothorn et al., 2006) to determine any 
differences in male and female lion-tailed macaque behaviour. A likelihood-ratio 
G-test was performed using the R package ‘DescTools’ (Signorell et al., 2017), as 
recommended in Bishop et al. (2013), to determine if the behaviour of the lion-
43 
 
tailed macaques differed across each zoo, and if this difference was more or less 
than expected. The null hypothesis was that there was no association between 
behaviour and zoo. The standardised residuals were calculated to determine which 
cells contributed to the results. These standardised residuals (z-score) were used to 
assess significance; if the value is outside of ±1.96 then p < 0.05, if the value is 
outside of ±2.58 then p < 0.01, and if the value is outside of ±3.29 then p < 0.001 
(Field et al., 2012). Variability is described using standard error (±SE). 
Table 2.3. An ethogram of the observable behaviours of the lion-tailed macaques 
in Fota Wildlife Park, Apenheul Primate Park, Bristol Zoo and Howletts Wild 
Animal Park. See Appendix II for detailed description of each behaviour. 









































1Excluding fishing behaviour which was only seen in Fota Wildlife Park 





Table 2.4. All of the variables recorded across each of the four zoos in this study. 
Variables in bold included in analysis. 
Variable Description 
Time of day Morning (10.30 h – 12.30 h) 
 Afternoon (13.30 h – 15.30 h) 
Visitor level Low <10 
 Moderate 11 to 20 
 High >21 
Visitor type e.g. tour groups, families, single etc. 
Group size 
Number of individuals in the group. Also, composition of 
group. 
Diet 
Diet was largely the same across zoos, except for 
presence/absence of fruit 
Breeding status Breeding/Non-breeding 
Feeds per day Average found if feeds varied 
Enclosure complexity One point given for presence of each of: 
 ▪ Wood chip 
 ▪ Hay 
 ▪ Grass 
 ▪ Gravel 
 ▪ Other vegetation (bushes, trees, etc.) 
 ▪ Water 
 ▪ Raised platform(s) 
 ▪ Climbing structures (frames, etc.) 
 ▪ Cargo net(s) 
 ▪ Fire hose(s) 
 ▪ Tyre(s) 
 ▪ Rope(s) 
 ▪ Dry/wet moat 
 ▪ Outdoor shelters/boxes 
 ▪ Seesaw(s) 
 ▪ Logs 





2.4.1 Enclosure complexity and group size 
The linear models with permutation tests (performed with 5000 re-
randomised pseudosamples) revealed some significant differences in behaviour 
across enclosure complexity and group size (Figure 2.10). Active behaviour 
significantly (p = 0.003) decreased (-0.92%) with enclosure complexity. Out of 
sight behaviours significantly (p < 0.001) increased (2.36%) with group size. 
Resting behaviours significantly decreased with enclosure complexity (-2.11%; p = 
0.004) and group size (-2.16%; p < 0.001). Self-directed behaviours significantly 
(p = 0.04) decreased (-0.167%) with group size.  
2.3.1 Diet and behaviour 
One-way ANOVA equivalent randomisation tests (with 1000 re-
randomised pseudosamples) were performed to determine if the presence of fruit in 
the diet had any impact on behaviour exhibited by the lion-tailed macaques in this 
study. The only significant difference was found in the frequency of self-directed 
behaviour performed by macaques without fruit in their diet, which was 






Figure 2.10. Significant behaviours across group size and enclosure complexity. A: 
Active behaviours and enclosure complexity score. B: Out of sight (OOS) 
behaviours and group size. C: Resting behaviours and enclosure complexity score. 






2.4.3 Male and female behaviour 
Figure 2.11 shows the mean percentage frequency of behaviours exhibited 
by male and female macaques. The Mann-Whitney U equivalent randomisation 
tests showed that overall male lion-tailed macaques were found to exhibit 
significantly greater levels of active behaviours (13.16% ± 1.29; p = 0.045) than 
females (8.65% ± 0.71). Males were also found to exhibit, on average, significantly 
greater levels of aggressive behaviours (0.36% ± 0.14; p = 0.011) than female lion-
tailed macaques (0.03% ± 0.01). Female macaques were observed to engage in 
significantly more affiliative behaviours (18.92% ± 2.07; p = 0.008) than male lion-
tailed macaques (10.55% ± 2.45).  
 
Figure 2.11. Mean percentage frequency of time spent on behaviours by male and 
female lion-tailed macaques (±SE). 
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2.4.4 Behaviour and zoo 
Analysis showed that there was a significant association between the 
behaviours exhibited by the lion-tailed macaques and the different zoo 
environments (2(15) = 370.84; p < 0.001) (Figure 2.12). The standardised residuals 
indicate which behaviours had the most influence on the test (Table 2.5). The lion-
tailed macaques in Fota Wildlife Park spent significantly less time than expected 
engaged in resting (z = -3.48; p < 0.001) and self-directed behaviours (z = -4.58; p 
< 0.001), but more time out of sight than expected (z = 5.55; p < 0.001).  
 
Figure 2.12. Mean percentage frequency of time spent on behaviours by all lion-









































































































































































































































































































































































































































































































































































































In Apenheul Primate Park, the lion-tailed macaques spent less time than 
expected out of sight (z = -3.45; p <0.001) and more time engaged in resting 
behaviours (z = 4.82; p < 0.001). The macaques in Apenheul also spent less time 
engaged in self-directed behaviours than expected (z = -2.71; p < 0.01). The 
macaque group in Bristol Zoo were observed to spend significantly more time 
engaged in active behaviours (z = 3.01; p < 0.01), resting behaviours (z = 5.54; p < 
0.001) and self-directed behaviours (z = 5.35; p < 0.001) than expected, but less 
time than expected engaged in affiliative behaviours (z = -3.13; p < 0.01) as well as 
out of sight (z = -8.15; p < 0.001). In Howletts Wild Animal Park, the lion-tailed 
macaques spent significantly less time than expected engaged in resting behaviours 
(z = -6.7; p < 0.001) but significantly more time engaged in affiliative (z = 2.52; p 
< 0.05) and self-directed behaviours (z = 2.39; p < 0.05) than expected, as well as 
out of sight (z = 5.77; p < 0.001).  
2.5 Discussion 
2.5.1 Enclosure complexity  
 This study revealed that active behaviours were found to decrease in the 
lion-tailed macaque enclosures with greater complexity. A previous comparison of 
captive lion-tailed macaque groups by Irving-Lewis (2004) stated that active 
behaviours increased with enclosure complexity. However, that study also found 
that the highest levels of active behaviours observed were recorded in the enclosure 
with the least complexity. This is contrary to what has been found in other studies 
that were mentioned previously, where activity increased with complexity, such as 
in chimpanzees (Jensvold et al., 2001). In the current study, the two zoos with the 
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highest complexity score (Fota Wildlife Park and Howletts Wild Animal Park) also 
had the highest frequency of time spent out of sight, which, although out of sight 
observations did not increase with complexity, may explain the lower levels of 
activity recorded in these enclosures. These two zoos allowed animals to off-exhibit 
area throughout the day (the two lower scoring zoos did not), and while it may lead 
to a greater number of individuals out of sight, it is thought to improve welfare by 
providing an animal with control over its environment, giving it the ability to escape 
from potential stressors (e.g. Owen et al., 2005; Kaumanns et al., 2006; Chosy et 
al., 2014). The ability to access certain off-exhibit areas, such as an indoor house, 
also separates the available space in an enclosure which is considered important in 
regulating social interactions, allowing individuals to escape or avoid aggressive 
encounters from conspecifics (Novak & Suomi, 1989; Westergaard et al., 1999; 
Herrelko et al., 2015). In the study on chimpanzees by Jensvold et al. (2001), the 
authors did not record out of sight as an observation; it was instead included in the 
definition for a ‘bad observation’, defined by the authors as an individual 
chimpanzee or its behaviour not visible to an observer, therefore it is difficult to 
compare with the current study. 
Complexity influenced resting behaviour also, with resting decreasing with 
complexity, but in general, the macaques in all four enclosures rested more than 
any other behaviour (aside from out of sight), which is similar to the findings of a 
comparative study of Japanese macaques (Jaman & Huffman, 2008). Interestingly, 
although feeding behaviours were slightly higher in the zoos with enclosures with 
greater complexity, feeding behaviours were not found to significantly increase or 
decrease with complexity. This could be due to the fact that each enclosure had at 
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least two different substrate types (e.g. grass, wood chip, etc.), along with other 
planted vegetation providing ample foraging opportunities. It has been shown that 
substrate type can have an impact on behaviour; for example, grass substrate has 
been found to increase foraging rates in macaques (Beisner & Isbell, 2008), while 
wood chip (or bark) also encouraged foraging in Sulawesi macaques, decreased 
aggression in several primate species and even encouraged playful behaviours in 
juvenile rhesus macaques (Chamove et al., 1982; Melfi, 2002; Doane et al., 2013).  
2.5.2 Group size 
In the present study, as group size increased, resting behaviours were found 
to decrease.  A similar result was found in a multi-zoo study carried out on mandrills 
(Mandrillus sphinx), where resting behaviour decreased with group size (Bassett, 
2000). Self-directed behaviours decreased and out of sight observations increased 
with group size in the present study. It appears that most studies that look at the 
effect of group size on behaviour do not include out of sight observations in their 
analysis (commonly grouped into ‘other’ category or not mentioned at all). 
Therefore, it is difficult to understand if the higher levels of out of sight with larger 
group sizes is common. Similarly, as with the active behaviours and complexity, 
the two zoos (Fota Wildlife Park and Howletts Wild Animal Park) with the highest 
levels of out of sight observations also had the largest groups, meaning that the 
previously mentioned access to off-exhibit space in those two zoos may be 
contributing to the higher levels of out of sight observations.  
The zoo with the smallest group size (Bristol Zoo) had the highest level of 
self-directed behaviour and also the lowest level of affiliative social behaviour. A 
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meta-analysis carried out by Majolo et al. (2008) on wild primate species 
determined that group size did not impact on the frequency of social behaviours. 
Bassett (2000) showed that certain social behaviours increased in captive groups of 
mandrills while Melfi (2002) found that social behaviours in captive Sulawesi 
macaques decreased with group size. Teichroeb et al. (2003) found that social 
behaviours, particularly grooming performed by females, increased with group size 
in wild groups of ursine colobus monkeys (Colobus vellerosus). Majolo et al. 
(2008) also discovered that feeding behaviours increased with group size, which 
was not revealed in the present study. This increase in feeding behaviour has been 
observed in another study on wild long-tailed macaques (M. fascicularis) by Van 
Schaik et al. (1983).  
In general, the female lion-tailed macaques in this study spent more time 
engaged in affiliative social behaviours in comparison to the male macaques, 
similar to what was observed in the study on captive groups of Sulawesi macaques 
(Melfi, 2002). In general, male lion-tailed macaques have been determined to be 
less social and tend to remain peripheral within a group (Hohmann, 1988; Harvey 
& Lindburg, 1991). Group composition has been noted to be of equal, if not greater, 
importance than size to meet the social, reproductive and psychological needs of an 
individual (Price & Stoinski, 2007). For example, lion-tailed macaques have a 
female-bonded society so females remaining in their natal group is important for 
group stability. Additionally, young males are also valuable in lion-tailed macaque 
groups as they facilitate the development of healthy social behaviours, in particular 
for young females (Singh & Kaumanns, 2005). The effect of group composition on 
behaviour was not looked at in this chapter but will be covered in chapter five.  
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2.5.3 Husbandry  
The feeding regime and diet provided for the macaques in this study was 
largely the same, therefore it was decided that the effect of the presence of fruit in 
the diet on behaviour would be examined. This is because the fruit given to primates 
in captivity is cultivated for human consumption and is generally higher in sugars 
and lower in fibre and protein than wild fruits (Oftedal & Allen, 1996; Schwitzer et 
al., 2009; Plowman, 2013). Several studies have shown that the removal of fruit 
from the diet of captive primates can lead to a reduction in dental problems and 
obesity, as well as lower costs (Plowman, 2013; also, in captive lemurs, Goodchild 
& Schwitzer, 2008), but there is little evidence of how the removal of fruit from the 
diet affects behaviour. In a paper on several ape species, the change to a low-sugar, 
high-fibre diet led to a decrease in resting behaviours and an increase in active, 
foraging and social behaviours (Cabana et al., 2017).  
In the current study, the lion-tailed macaque groups that were given fruit as 
a regular part of their diet were observed to engage in fewer self-directed 
behaviours. A study on multiple species of captive lemurs found that the removal 
of fruit from their diet led to a consistent decrease in self-directed behaviours across 
all species (Britt et al., 2015). This study also found that aggression decreased after 
the removal of fruit. Three of the lemur species included in the study are primarily 
frugivorous (except for L. catta), and therefore consume more fruit in their daily 
diet, which may explain the difference in behavioural response to lion-tailed 
macaques, an omnivorous species. That study also looked at the immediate effect 
of the diet change on behaviour, which may not be reflective of the long-term 




This chapter has shown that enclosure complexity and group size have 
significant impacts on the behaviour of lion-tailed macaques and should be 
considered in the continued management of this species in captivity. Studies have 
shown that the size of an enclosure can be secondary in terms of primate welfare; 
enclosures must be complex, with different substrates, furniture and, most 
importantly, constant (where possible) access to off-exhibit areas. The importance 
of the physical environment will be discussed in again in chapter three. Group size 
can have an important influence on behaviour and the social composition of a group 
may have a further effect and this will be explored later in the thesis. The presence 
of fruit in the diet of captive lion-tailed macaques may not be important in terms of 
behaviour, but as it can influence health, more research is required to fully 














The effect of a new enclosure on the behaviour of lion-tailed 
macaques 
3.1 Abstract 
Relocations to new enclosures and institutions can be relatively common for 
zoo-housed animals. These relocations can be stressful in addition to the potential 
impact that the environment may have on behaviour. The aim of this study was to 
determine the effect that a new enclosure had on the behaviour of a captive group 
of lion-tailed macaques located in Fota Wildlife Park. The macaques were moved 
to the new enclosure in late January/February 2015; this enclosure is larger but is 
in greater proximity to visitors. Baseline behavioural data were collected from 
February to October 2014, prior to the move. Data in the new enclosure were 
collected during the two months following the move, prior to additional changes 
occurring in the group. One year on since the relocation, data were collected again, 
in February and March 2016. Behavioural diversity index (BDI) was calculated 
using the Shannon-Weaver diversity index (H) and analysed using a GLM to 
determine how behavioural diversity changed. BDI was found to decrease with 
year, which may be explained by the increase in the frequency of out of sight 
observations with year. The design of the new enclosure may have to led to this 
increase in out of sight observations (i.e. with greater amounts of vegetation). The 
increase in visitor proximity did not appear to have an effect on the behaviour of 




Relocations to new enclosures and institutions can be relatively common for 
zoo-housed animals. Despite this, as stated by Dufour et al. (2011), there are few 
studies on how captive zoo primates, in particular, cope with moving and changes 
to their environment. The literature is primarily focused on primates housed in 
laboratories and suggests that these moves are stressful for the animals involved, 
resulting in appetite suppression, increased inactivity and elevated stress hormones 
(see Crocket, 1998). Some zoo-based studies have considered the relocation to a 
new enclosure as a form of enrichment, especially when the new enclosure is of a 
more naturalistic design, as it provides novelty and stimulation. Clarke et al. (1982) 
showed that the relocation of a group of chimpanzees to a more naturalistic 
enclosure reduced the occurrence of abnormal stereotypical behaviour. In chapter 
two, the importance of complexity within an enclosure was discussed; increased 
complexity has been found to encourage more activity in animals (e.g. Wilson, 
1982; Perkins, 1992) as well as overall greater behavioural diversity (e.g. Abou-
Ismail & Mendl, 2016). 
This study was carried out in Fota Wildlife Park, which is at the time of this 
research undergoing a 27-acre expansion, forming a new area called the Asian 
Sanctuary. This new area contains a new enclosure for Fota’s resident group of 
macaques, which aims to provide them more space and stimulation than the 
previous enclosure. As mentioned in chapter one, Fota is of particular importance 
in relation to this species as it has one of the most successful groups in the EEP. In 
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2014, when the current research was carried out, the group was composed of 21 
individuals, with 15 successful births since 2007.  
The purpose of this chapter was: 
1. To assess the complexity of both enclosures based on the score established 
in chapter two; 
2. To determine how the behaviour of the lion-tailed macaques differed from 
the old enclosure to the new enclosure, both immediately after the relocation 
and one year later. 
 
3.3 Methods 
3.3.1 Study site and group 
This study took place in Fota Wildlife Park, Co. Cork, Ireland, over a period 
of three years (2014 to 2016). The old macaque enclosure (Figure 3.1 and 3.2) was 
a 420 m2 artificial island (Casey, 2007) and a detailed description can be seen in 
chapter two (page 34 and 35). 
The new enclosure (Figure 3.3 & 3.4) is a 4 200 m2 fenced area (ten times 
larger than the old enclosure) with a large outdoor section containing many trees, 
shrubs and large logs, and a larger indoor house with a viewing window for visitors. 
Furthermore, around the fenced perimeter of the enclosure are two large glass 
viewing windows, allowing visitors to view the outdoor section of the enclosure. In 
comparison to the old enclosure, this enclosure is in greater proximity to visitors 





Figure 3.1 & 3.2. Top: Photograph of the old lion-tailed macaque enclosure at Fota 
Wildlife Park. Bottom: Map of the old lion-tailed macaque enclosure (Irving-Lewis, 






Figure 3.3, 3.4 & 3.5. Top: Photograph of the new lion-tailed macaque enclosure at 
Fota Wildlife Park from the south-west. Middle: Photograph of the new enclosure 
from above (Fota Wildlife Park, 2018). Bottom: outdoor pen of the new enclosure. 
Other photographs © R Newman 
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popularity of the surrounding exhibits. It is located next to the Sumatran tigers and 
another enclosure shared by Visayan warty pigs (Sus cebifrons) and Visayan 
spotted deer (Rusa alfredi). During data collection in 2015 all of the other 
enclosures surrounding the macaques were empty; by 2016 the remaining exhibits 
surrounding the macaques were occupied by François langurs (T. francoisi) and 
agile gibbons, as well as the aforementioned other species.  
During the baseline study in 2014, while in the old enclosure, the group was 
composed of 21 individuals (see Appendix I), with one adult male, three adult 
subordinate males, seven adult females and ten juveniles. Following the move to 
the new enclosure, the three subordinate males and one juvenile male were 
separated from the group and placed in separate pens, where they still had visual 
contact with the rest of the group, both inside and outside of the house (Figure 3.5). 
This was in preparation for their move to another zoo, as part of the EEP for this 
species. Furthermore, as part of the long-term management of this species by the 
EEP, in 2015, the dominant male and one juvenile male were removed from the 
group, and three new males had arrived in preparation for their introduction into the 
group. Contact between the remaining 15 macaques (females and juveniles) and 
these three new males was primarily visual. For this part of the study, only the 
behaviour of the females and remaining juveniles were analysed, the new males 
were not included.  
The husbandry routine in both enclosures was mainly the same as described 
in chapter two, with feeds occurring four to five times per day, the diet consisting 
of a lot of fruit, monkey pellets, vegetables, seeds, nuts and eggs. Food was given 
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to the macaques inside the house and scattered in the outdoor area of both 
enclosures. 
3.3.2 Data collection 
Data were collected using the same methods as described in chapter two; 
instantaneous scan sampling to look at the behaviour of the entire group and 15-
minute focal sampling (with females and juveniles chosen at random), over two-
hour periods in the morning (10.30 h to 12.30 h) and afternoon (13.30 h to 15.30 
h), with scans samples taken between every focal sample (i.e. every 15 minutes). 
Baseline data were collected over 18 days between February 2014 and October 
2014. 258 scan and 259 focal samples were recorded during the baseline study. 
Visitor numbers (low <10, moderate 11 to 20 or high visitors >21) around the 
enclosure area were estimated by visually scanning and were then recorded for 
every two-hour period. Temperature (max/min, ºC) was also recorded for each 
sampling day. The behaviours observed can be seen in Table 3.1.  
The macaques were transferred to their new enclosure in late January/early 
February 2015, and data were collected using the same methods over nine days 
from then until March 2015. 104 scan and 95 focal samples were collected during 
this period. Data collection stopped at this point as three new males were introduced 
to the group as part of the EEP (discussed further in chapter six). In February and 
March 2016, data were collected using the same methods over nine days, to record 
any differences in behaviour exhibited by the females and juveniles one year since 
their introduction into the new enclosure. 73 scan and 65 focal samples were 
collected. Based on the scoring system used in chapter two, the old enclosure was 
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given a complexity score of 10, and the new enclosure was given a complexity score 
of 8.  
Table 3.1. Behaviours exhibited by the lion-tailed macaques in Fota Wildlife Park 
during the study period February 2014 to March 2016. See Appendix II for detailed 
description.  































Out of Sight  
1Fishing in the surrounding water was also observed but not included as it was only possible in the 
old enclosure. 
3.3.3 Data analysis 
Data were analysed using R 3.4.3 (R Core Team, 2017). For the scan sample 
data, the average value for each behaviour during each two-hour sampling period 
was found, and then using these values (except for out of sight; n = 55) the 
behavioural diversity was calculated using the Shannon-Weaver diversity index H 
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(Shannon & Weaver, 1949) as described in Collins et al. (2016). The formula for 
the Shannon-Weaver index is: 
H = -∑ (pilnpi) 
where pi is the proportion of time engaged in the ith behaviour. A higher H value 
represents an increase in behavioural diversity or the number of animals performing 
each behaviour (Vickery & Mason, 2004), and this value will vary across studies 
(Collins et al., 2016). In the present study, behavioural diversity was found to range 
from 0.8 to 1.5. A Shapiro-Wilks test and visual checks using a histogram and Q-Q 
plot indicated that the data deviated significantly from a normal distribution 
therefore a non-parametric generalised linear model (GLM) for count data was 
chosen for the analysis.  
Collinearity was measured using variance inflation factors (VIF) (Zuur et 
al., 2009), to determine if any explanatory variable had a strong linear relationship 
with any other explanatory variable(s) (Field et al., 2012). The variables included 
were year, month, time, visitors and temperature, in addition to interactions between 
temperature and visitors and time and visitors. Month was removed as the VIF value 
was greater than 10 (Myers, 1990) and could bias the model. Overdispersion was 
detected and corrected using a quasi-GLM model where the variance is given by Ø 
× µ, where µ is the mean and Ø is the dispersion parameter (Zuur et al., 2009). The 
optimal model was found using backwards model selection and validated by 
plotting residuals against the fitted values and each explanatory variable. For the 
out of sight data, randomisation tests were performed using the R ‘coin’ package 
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(Hothorn et al., 2006) to determine if the number of macaques out of sight differed 
significantly across each of the three years.  
For the focal samples, only the data from the female and juvenile macaques 
were analysed, as males were removed throughout the study. A likelihood-ratio G-
test was performed using the R package ‘DescTools’ (Signorell et al., 2017), as 
recommended in Bishop et al. (2013), to determine if the behaviour of female and 
juvenile macaques differed between the two enclosures. The null hypothesis was 
that there was no association between female and juvenile behaviour and enclosure. 
The standardised residuals (z-score) were calculated in order to determine which 
cells contributed to the results and assess significance. If the value is outside of ± 
1.96 then p < 0.05, if the value lies outside ± 2.58 then p < 0.01, and if the value 
lies outside ± 3.29, then p < 0.001 (Field et al., 2012). Variability is described using 
standard error (±SE). 
 3.4 Results 
 For the scan sample data, backwards model selection resulted in the final 
model with year as the only statistically significant explanatory variable (p < 0.001) 




Figure 3.6. Behavioural diversity index (H) versus year: 2014 (Old enclosure), 2015 
(New enclosure), 2016 (One year after relocation). 
For the out of sight data, a Kruskal-Wallis equivalent test (with 5000 re-
randomised pseudosamples) were performed to determine if there was any 
difference in the number of macaques out of sight across each of the three years. 
The results showed that there was a statistically significant difference (p < 0.001). 
In 2014, the percentage of macaques recorded out of sight was 40% ± 1.22, this 
increased to 45.33% ± 1.89 in 2015 after the relocation to the new enclosure. One 
year later in 2016, this figure increased slightly again to 47.83% ± 2.52. 
A significant association was found between female lion-tailed macaque 
behaviour and enclosure type (χ2(6) = 14.31; p = 0.02). The standardised residuals 
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in the new enclosure (z = 2.27; p < 0.05) than the in old enclosure. A significant 
association was also found between juvenile lion-tailed macaque behaviour and 
enclosure type (χ2(6) = 13.67; p = 0.03). However, the standardised residuals did 
not reveal how behaviour of the juveniles differed between the two enclosure 
          3.5 Discussion 
3.5.1 New enclosure 
In the first three months following the relocation of the lion-tailed macaque 
group to the new enclosure, behavioural diversity was found to decrease from that 
in the old enclosure. This decrease in behavioural diversity continued, one year after 
the relocation. This may suggest that the new enclosure does not offer the same 
opportunities to the macaques for full behavioural expression. This move was a part 
of the husbandry and collection planning for these lion-tailed macaques, and the 
aim of the move was to provide more space for the group and hopefully offer more 
stimulation. Although the new enclosure is around ten times larger than the old 
enclosure, the overall complexity score (based on methods used in chapter two) was 
lower in the new enclosure. This may also have contributed to the overall decrease 
in behavioural diversity 
The decrease in behavioural diversity could be explained by the higher 
levels of out of sight observations in the new enclosure. The lion-tailed macaques 
spent more time out of sight (i.e. not visible to the observer) in the new enclosure, 
compared with the old enclosure, increasing again one year after the relocation. The 
increased time spent out of sight following the relocation is unsurprising given that 
the new enclosure contains far more dense and tall vegetation, and since there were 
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no outdoor shelters in the new enclosure, the macaques were inclined to spend more 
time indoors and out of sight when the weather was unfavourable or during feeding 
times. As stated in chapter two, providing animals with access to off-exhibit areas 
throughout the day can lead to greater numbers of individuals out of sight, but it is 
thought to improve welfare by providing the opportunity for an animal to escape 
from or avoid potential stressors (Owen et al., 2005; Kaumanns et al., 2006; Chosy 
et al., 2014).  
While an increase in behavioural diversity is generally accepted to be 
associated with improved welfare, and is used frequently in assessing enrichment 
(Swaisgood & Shepherdson, 2005), as stated by Clark and Melfi (2012) any 
interpretation of the scores should be careful, as high scores could either indicate 
that the number of behaviours performed by an animal increased or just the time 
spent on the same number of behaviours was more evenly distributed. Additionally, 
during the sampling period one year after the relocation, the introduction of three 
new males (which will be discussed in chapter six) was underway so any 
interpretation of the decrease in behaviour diversity (or indeed the higher levels of 
out of sight) could be confounded by this. Similarly, the sampling period during the 
baseline took place over a series of months with varying temperatures, while in the 
immediate period following the relocation and one year later, the sampling months 
were January to March. Temperature has been found to have an impact on the 
behaviour of wild lion-tailed macaques, with more time spent resting in cooler 
periods (Kurup & Kumar, 1993), while previous studies undertaken on the lion-
tailed macaques in Fota Wildlife Park have found varying results, with some stating 
that feeding and active behaviours increased with temperature (Tobin, 2008; Quinn, 
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2009) while another reported no difference in behaviour (Newman, 2013). In the 
current study, temperature was included as an explanatory variable in the model but 
was not found to have any significant effect on the behaviour of the macaques. 
The new enclosure was not the only novel experience for this group; visitor 
proximity was also greater in the new enclosure compared to the old enclosure. The 
present study indicates that there is no difference in behaviour diversity of the 
macaques in response to varying visitor levels. Several studies have found that 
visitor number does have an effect on the behaviour of captive primates. Mallapur 
et al. (2005c) found that there was an increase in abnormal behaviours in the 
presence of visitors, in comparison to when visitors were absent, in lion-tailed 
macaques housed in Indian zoos. A study by Wood (1998) showed that larger 
crowds significantly decreased foraging, playing and grooming among captive 
chimpanzees. Wells (2005) found that gorillas in Belfast Zoo spent significantly 
more time engaged in aggressive, abnormal and self-grooming behaviours when 
large crowds of visitors were present. Polgár et al. (2017) discovered that visitors 
can be enriching for some squirrel monkeys, with some individuals choosing to be 
around visitors at the viewing window. Collins et al. (2016) showed that 
behavioural diversity of penguins (Pygoscelis papua) increased with visitor 
number. In the current study, the behaviour of the lion-tailed macaques did not 
appear to be positively or negatively impacted by the increased presence of visitors 




The high levels of out of sight could be an issue when it comes to visitor 
experience. When designing an enclosure there is generally a trade-off between 
visitor experience and animal welfare (e.g. Morgan et al., 1998; Hosey, 2005; Melfi 
et al., 2005; Fernandez et al., 2009). While studies have shown that visitors prefer 
to see animals in a naturalistic environment (as opposed to barren or concrete 
enclosures), they have also said that their exhibit preferences are dependent on a 
combination of how close the visitor is able to get to the animal, how easily it can 
be seen by the visitor, the animal’s activity levels, in addition to the aesthetic 
elements of the enclosure (Fernandez et al., 2009). Another study by Whitworth 
(2012) also found that zoo visitors prefer animals that are active and easy to see. 
The high levels of out of sight therefore could have a negative impact on visitor 
experience of the macaques. One study by Anderson et al. (2003) found that the 
length of time a visitor stayed at an Asian small-clawed otter (Amblonyx cinerea) 
enclosure increased from an average of 83 seconds during low animal activity to 
360 seconds during high animal activity, an increase of over 430%. By encouraging 
more feeding and activity in the outer sections of the enclosure (with feeders or 
toys), nearer the fence, this would provide more opportunities for visitors to see the 
macaques, as well as providing further stimulation and novelty for the group. The 
behaviour and use of the enclosure by the lion-tailed macaques in response to visitor 







The effect of visitors and noise on the behaviour of captive lion-
tailed macaques  
4.1 Abstract 
The presence of zoo visitors and the noise generated by them can have a 
negative effect on the behaviour of captive animals. The aim of this study was to 
examine how visitors and noise impacts the behaviour and enclosure use of a 
captive group of lion-tailed macaques at Fota Wildlife Park. Behavioural 
observations were made using instantaneous scan sampling methods and 
simultaneously the sound level (dBA) was recorded using a sound meter. Data were 
analysed using randomisation tests to determine any correlation between sound 
level and behaviour or enclosure use, and G-test was used to determine how 
behaviour and enclosure use varied across each of the visitor levels. The results 
showed that sound level did significantly increase with visitor number. The 
macaques spent significantly more time at the enclosure’s edge zone at higher noise 
levels. Behaviour was found to differ significantly with visitor level, with less 
affiliative behaviour and more feeding behaviours at higher visitor levels. This 
study has shown that both visitor and noise level can influence behaviour and 
enclosure use in a captive group of primates, and similar to findings in other studies, 
this impact is not necessarily negative. The design of an enclosure is important in 
regulating the effect of visitor presence and providing retreat space can help to 




There are numerous studies that have looked at the effects of visitors on the 
behaviour of zoo animals, but many with conflicting results. A review by Hosey 
(2000) found that most studies suggest that visitors have a negative effect on the 
behaviour and welfare of captive animals. In particular, noisy, active visitors have 
been proven to be a source of stress for some primates (Fernandez et al., 2009). 
Chamove et al. (1988) observed that visitors had a negative impact on 15 different 
species of primates, with increases in aggression seen in ring-tailed lemurs, Diana 
monkeys (Cercopithecus diana) and cotton-top tamarins, and the presence of 
visitors directly influencing the rates of abnormal behaviours in one particular male 
mandrill. A study on a group of captive chimpanzees revealed that high visitor 
numbers resulted in lower levels of foraging, grooming and play behaviour (Wood, 
1998). Kuhar (2008) found that gorillas altered their enclosure use depending on 
the visitor number, preferring to remain out of sight at higher visitor numbers. 
Sherwen et al. (2015b) discovered a similar behaviour in little penguins in response 
to high visitor numbers, as well as increased aggression. 
Some studies have also shown no effect of visitor presence on behaviour. 
For example, although Kuhar (2008) noted that gorillas alter their enclosure use, 
few differences in behaviour were seen at either higher or lower visitor number. 
Other studies have observed that visitor number did not impact on enclosure use or 
behaviour in captive groups of gorillas or orangutans (Choo et al., 2011; Bonnie et 
al., 2016), or in a captive group of cheetahs (O’Donovan et al., 1993). Smith and 
Kuhar (2010) also discovered no effect of visitor number on the behaviour of white-
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cheeked gibbons (H. leucogenys) or siamangs, although both species did alter their 
enclosure use slightly at higher visitor number.  
Understanding what effect the number of visitors may have on behaviour is 
important but monitoring visitor sound levels can further help to improve animal 
welfare. Along with other sensory stimuli such as light and smell, noise, particularly 
loud, constant or sudden noise, can be a source of stress for captive animals 
(Morgan & Tromberg, 2007). According to a review by Kight and Swaddle (2011), 
environmental noise can affect several biological systems, including an animal’s 
DNA, cell structure and signalling, as well as reproduction and development. Noise 
can also impact on behaviour, such as in surfacing and diving patterns in cetaceans 
(Nowacek et al., 2007). The effect of noise can vary depending on species, for 
example a study by Francis et al. (2009) revealed that noise can impact local bird 
communities, with some species avoiding noisy habitats. Duarte et al. (2011) 
discovered that anthropogenic noise affected the home range of wild black-tufted 
marmosets (C. penicillate), with individuals even avoiding noisy areas with high 
food availability.  
 While standards have been established for humans in an effort to reduce 
hearing loss in the workplace as well as other potential health impacts (e.g. HSA, 
2010; WHO, 2018), no guidelines are currently in place for acceptable sound levels 
for animals in zoos and aquariums (Orban et al., 2017). The potential impact of 
noise is not demonstrated in the European Association of Zoos and Aquariums 
(EAZA) standards of care, where it is not mentioned as a potential hazard at all 
(EAZA, 2014), while in the Republic of Ireland, the Irish Standards of Modern Zoo 
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Practice states that: ‘… noise levels of enclosures must be suitable for the comfort 
and well-being of the particular species of animal at all times.’ (SWS-ISMZP, 2016) 
but provides no further guidelines. The North American Association of Zoos and 
Aquariums (AZA) mentions noise disturbance as a potential threat to animal 
welfare, but only suggests that noise exposure for cetaceans should be monitored to 
minimise distress (AZA, 2019). 
High noise levels have been found to increase active behaviours in captive 
pandas (Ailuropoda melanoleuca), as well as stereotypic behaviours in certain 
individuals (Owen et al., 2004; Powell et al., 2006). Larsen et al. (2014) found that 
koalas (Phascolarctos cinereus) engaged in more vigilant behaviour at higher 
visitor noise levels. Other studies have shown no effect of noise on behaviour (e.g. 
in a range of zoo-based species, Quadros et al., 2014; in lab-housed long-tailed 
macaques, Westlund et al., 2012). As noise levels have the potential to negatively 
impact the well-being of an animal, it is vital that they are studied further. The 
objective of this chapter was to determine the noise generated by visitors 
surrounding the new lion-tailed macaque enclosure at Fota Wildlife Park and to see 
if visitor and noise level had an impact on the behaviour and enclosure use of the 
lion-tailed macaques. 
4.3 Methods 
4.3.1 Enclosure and study group 
The lion-tailed macaques at Fota Wildlife Park were housed in a 4 200 m2 
fenced enclosure (Figure 4.1 and 4.2), with a large outdoor section, well-planted 
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with many trees, tall shrubs and grass, as well as large logs (as described in chapter 
three). Around the perimeter of the enclosure there were two large glass viewing 
windows, with gravel substrate nearer the edge zone (area closest to visitors), and 
grass and vegetation in the centre zone (Figure 4.3).  
The group was composed of 14 individuals: two adult males, ten adult 
females and a subadult male and female. Over the course of the study one of the 
adult males was kept separate from the rest of the group, occasionally mixed with 
the other males and a number of females.  
4.3.2 Data collection 
Data collection took place over 10 days, between March and July 2018. 
These months were chosen to include a time period when school tours would be 
present and also during local school holidays, when visitor numbers would be 
higher in the park, as well as a time period when visitors would be low and/or 
absent.  Behaviour was recorded using instantaneous scan sampling; the behaviours 
recorded can be seen in Table 4.1 and included active, rest, feeding, affiliative, 
vigilance, aggression and self-directed behaviours. Data collection took place each 
day between 10.30 h and 17.00 h, over a 30-minute period, with a 30-minute 
interval (i.e. at 10.30 h, 11.30 h, 12.30 h, 13.30 h, 14.30 h, 15.30 h, 16.30 h). The 
point of observation (Side A or B) alternated at each 30-minute recording period. 
Side A (Figure 4.3) was defined as the length of the enclosure on the lake side from 
the visitor amenity area to the indoor house. Side B (Figure 4.3) was defined as the 
length of the enclosure on the tiger side, from the indoor house along to the other 




Figure 4.1 & 4.2. The lion-tailed macaque enclosure at Fota Wildlife Park. Top: 
Fenced perimeter of enclosure, and the indoor house. Bottom: Glass viewing 





Figure 4.3. The lion-tailed macaque enclosure at Fota Wildlife Park (Fota Wildlife 
Park, 2018), showing side A and B. Visitor paths and access available on all sides. 
The visitor amenity area (not complete at time of photograph) is located alongside 
the macaque enclosure, next to fence. 
Table 4.1. The behaviours included in this study exhibited by the lion-tailed 
macaques at Fota Wildlife Park. See Appendix II for detailed description of each 
behaviour. 
Grouped Behaviour Behaviours included/description 
Active Walk, run, climb, swing, jump 
Rest Sit, stand, rest 
Feed Forage, feed, drink 
Affiliative 
Allogroom, play, huddle, lip-smack and sexual 
behaviours 
Vigilance Upright posture with staring or scanning 
Aggression Threatening or defensive behaviour 
Abnormal Only abnormal behaviour observed was biting wire fence 
Self-directed Autogrooming or scratching 




Along with behaviour, enclosure use (edge zone, centre zone or out of sight; 
see Figure 4.3) and decibel level (dBA) were also recorded every minute during each 
30-minute recording period. For enclosure use, the edge and centre zone were 
defined visually; the edge zone comprised the short grass and gravel area near the 
fence, while the centre zone comprised the centre of the enclosure with high 
vegetation, trees, shrubs and logs. Decibel level was recorded using a sound level 
meter (Precision Gold N05CC). Visitor level (low <10, moderate 11 to 20 or high 
visitors >21) around the enclosure was estimated by the observer during each 
sampling period. The presence of tour groups (guided by Fota staff) were also 
recorded, along with temperature (max/min ºC). A total of 2100 scans were 
collected. 
6.3.3 Data analysis 
Data were analysed using R 3.4.3 (R Core Team, 2017). All graphs were 
created using the R package ‘ggplot2’ (Wickham, 2016). For each 30-minute 
sampling period, mean sound level and mean percentage of macaques engaged in 
each behaviour was calculated to avoid pseudoreplication (n = 70). Randomisation 
tests were performed using the R ‘coin’ package (Hothorn et al., 2006) to determine 
if there was any correlation between sound level and behaviour or enclosure use, as 
well as to investigate any difference in sound level between visitor levels (low, n = 
21; low with tours, n = 1; moderate, n =20; high, n = 26; high with tours, n = 2) or 
enclosure sides.  
Using the R package ‘Desctools’ (Signorell et al., 2017), likelihood-ratio G-
tests were performed (as defined in Bishop et al., 2013) to determine how behaviour 
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and enclosure use compared across each of the visitor levels. For each test, the 
standardised residuals were then calculated to determine which cells contributed to 
the results. The null hypothesis was that there was no association between 
behaviour and visitor or noise level. These standardised residuals (z-score) were 
used to assess significance; if the value is outside of ± 1.96 then p < 0.05, if the 
value is outside of ± 2.58 then p < 0.01, and if the value is outside of ± 3.29 then p 
< 0.001 (Field et al., 2012). 
4.4  Results 
4.4.1 Sound level, visitor level and enclosure side 
Sound level recorded around the lion-tailed macaques enclosure ranged 
from 32.5 dBA to 83.6 dBA, with a mean range of 44.41±0.57 dBA to 58.81±1.18 
dBA. A Spearman’s correlation coefficient equivalent randomisation test (with 1000 
re-randomised pseudosamples) to determine any correlation between sound level 
and enclosure use indicated that there was a statistically significant correlation 
between sound level and edge zone use by the macaques (z = 2.3047; p = 0.02; 
Figure 4.4). As sound levels increased, the macaques used the edge zone 
significantly more.  No statistically significant correlation between sound level and 




Figure 4.4. The mean percentage frequency of enclosure use exhibited by the lion-
tailed macaques at Fota Wildlife Park in response to the sound level. 
 
Figure 4.5. The mean percentage frequency of behaviours exhibited by the lion-
tailed macaques at Fota Wildlife Park in response to the sound level. 
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A one-way ANOVA equivalent randomisation test (with 1000 re-
randomised pseudosamples) showed that there was a statistically significant 
difference in sound level between each of the visitor levels (χ2 = 17.69; p < 0.001). 
Mean sound level was higher at higher visitor levels (52.68 dBA), and lower at lower 
visitor levels (49.06 dBA). 
A Mann-Whitney U equivalent randomisation test did not show any 
statistically significant difference in sound level between the two sides of the 
enclosure (W = 511.5; p = 0.23). 
4.4.2 Behaviour 
A significant association was found between the behaviours exhibited by 
the macaques and visitor level (2(32) = 528.42; p < 0.001) (Table 4.2). When 
surrounding visitor levels were low, less macaques were engaged in feeding 
behaviours (z = -5.46; p < 0.001), while more macaques were engaged in resting (z 
= 2.42; p < 0.01) and affiliative behaviours (z = 5.55; p < 0.001) than expected.  
When tour groups were present at low visitor levels, the macaques were 
observed to engage in less feeding behaviours (z = -2.28; p < 0.05) and more self-
directed behaviours (z = 2.52; p < 0.05). At moderate visitor levels, more macaques 
were observed exhibiting abnormal behaviours (z = 3.17; p < 0.01) than expected.  
At higher visitor levels, fewer macaques were engaged in affiliative (z = -
7.90; p < 0.001) and resting behaviours (z = -2.46; p < 0.05), while more macaques 
were engaged in feeding behaviours (z = 6.66; p < 0.001). At higher visitor levels 
with tour groups present, there were more individuals engaged in resting (z = 3.39; 
83 
 
p < 0.001) and affiliative (z = 14.16; p < 0.001) behaviours and less in feeding 
behaviours (z = -8.94; p < 0.001). A significant association was also found between 
lion-tailed macaques behaviour and enclosure side (2(8) = 417.8; p < 0.001). When 
viewed from enclosure side A, the macaques engaged in significantly lower levels 
of resting (z = -3.12) and feeding behaviours (z = -3.36), while affiliative behaviours 
were observed significantly more (z = 12.55) than expected.  
4.4.4 Enclosure use 
In terms of surrounding visitor levels and enclosure use, a significant 
association was also found (2(8) = 556.68; p < 0.001). When visitor levels were 
low, macaques were found in the centre zone of the enclosure more (z = 4.05; p < 
0.001) then the edge zone (z = -6.29; p < 0.001). Enclosure use changed when tour 
groups were also present at lower visitor levels, with the macaques recorded out of 
sight more (z = 4.63; p < 0.001) using the centre (z = -4.93; p < 0.001) and edge 
zone (z = -5.91; p < 0.001) less. 
At higher visitor levels, the macaques used the edge zone more (z = 9.99; p 
< 0.001) than the centre zone (z = -6.39; p < 0.001) but when tours were present at 
higher visitor levels, the macaques used the centre zone more (z = 11.13; p < 0.001) 
than the edge zone (z = -9.38; p < 0.001). There was a significant association 
between the use of the enclosure space and enclosure side (2(2) = 129.75; p < 
0.001). At enclosure side A, the macaques used the centre zone significantly more 
than expected (z = 6.57), while at enclosure side B, the macaques occupied the edge 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.5.1 Visitor level and behaviour 
In this study, visitor level, had an impact on the behaviour of these lion-
tailed macaques. As visitor level increased, affiliative behaviours exhibited by this 
group decreased, which is similar to what has been found in other species, such as 
in multiple primate species in a study by Chamove et al. (1988), where behaviour 
was compared in response to no visitors and at least six visitors present. A study by 
Wood (1998) found that chimpanzees also spent less time playing and grooming at 
higher visitor levels compared to lower visitor levels (<10). When tour groups were 
present at higher visitor levels, however, more lion-tailed macaques were engaged 
in affiliative behaviours. This may be because tour groups were more likely to stop 
at the macaque enclosure when the macaques were more easily visible, which 
would also explain the higher frequency of resting behaviours when tour groups 
were present at high visitor levels. 
Resting behaviours in the current study decreased and feeding behaviours 
increased with visitor level, a similar response to a study on Diana monkeys (Todd 
et al., 2007) and gorillas (Wells, 2005) but contrary to the findings in the study on 
chimpanzees by Wood (1998). No significant association was found in the current 
study between visitor level and the macaques’ interaction with visitors. This is 
surprising as this macaque enclosure is situated next to a visitor amenity area, which 
comprises a covered picnic area with food stalls, which attracted numerous people 
and often led to visitors, particularly children, throwing food into the enclosure, and 
the macaques would frequently wait at this side of the enclosure for the food items 
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(pers. obs., March 2018). Other studies have found that interaction with visitors is 
more likely when food is involved (e.g. in orangutans, Choo et al., 2011) but this 
was not seen in the present study.  
Self-directed behaviours exhibited by the lion-tailed macaques were also 
impacted by visitor level, occurring more frequently when tours were present 
during low visitor levels. This is in contrast to other studies on primates that found 
that higher visitor have been associated with an increase in self-directed behaviours 
(Cooke & Schillaci, 2007; Bonnie et al., 2016). Although many studies tend to 
disagree on whether visitors have an impact on behaviour, what is evident is that 
the response to visitors is highly dependent on the individual animal, or group of 
animals (see Stoinski et al., 2011). For many species, habituation to visitors is 
possible (Sherwen et al., 2014), and studies have shown, depending on many factors 
such as life history, personality and enclosure design, visitors can have little to no 
negative impact on behaviour or welfare, and that they may even be enriching 
(Jones et al., 2016; Orban et al., 2016; Polgár et al., 2017).  
4.5.2 Noise level and enclosure use 
Noise level did not have an effect on the behaviour of the lion-tailed 
macaques in this study, but it did have an impact on the macaques’ use of their 
enclosure. The macaques used the edge zone more during high noise (and high 
visitor levels) and the centre zone more during low visitor levels. Research carried 
out by Skyner and Smith (2005) reported similar findings in a group of lion-tailed 
macaques in Chester Zoo; the macaques spent less time at the rear of the enclosure 
when visitor numbers were higher. What is unclear here in the present study is 
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whether enclosure use is influenced by behaviour, or behaviour by enclosure use; 
the macaques were observed to forage more in the edge zone and engaged in resting 
or affiliative behaviour more in the centre zone, which is evident from the 
behavioural data. This could also be a result of restrictions while viewing the 
macaques; given the design of the enclosure, it was not possible to view the 
macaques using the entire centre zone, so behavioural observations were limited.  
Visitor noise has been shown to have an effect on visibility in two captive 
jaguars (Sellinger & Ha, 2005), while a study on gorillas had similar results (Kuhar, 
2008). Other studies have found that animals adjust enclosure use to avoid visual 
contact with visitors (e.g. in orangutans, Herbert & Bard, 2000; in capuchins, 
Sherwen et al., 2015a), while another study found that visitor presence does not 
affect enclosure use (flamingos; Rose et al., 2018). In the present study, the 
macaques were more visible at higher noise levels. As mentioned previously, the 
higher noise levels led to more interaction with visitors by the macaques, which 
could explain the increased visibility and greater use of the edge zone. Lion-tailed 
macaques have been shown to use the edge zone to interact more with visitors 
(Mallapur et al., 2005b) and a study on harbour seals (Phoca vitulina) found a 
preference for enclosure areas near visitors, but in the latter case, the visitors were 
allowed to feed the seals (De Vere, 2018).  
At Fota, the macaques used the edge zone significantly more at the 
enclosure side that had the higher number of visitors, however it is possible that the 
macaques’ increased visibility at this side may have attracted more visitors to the 
enclosure, increasing noise levels. Although the cause for the differences in 
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enclosure use is uncertain, what is apparent is that visitors do indeed have an impact 
in this case; other studies have found no differences in enclosures use across visitor 
or noise levels (Bonnie et al., 2016). Furthermore, it was suggested in chapter three 
that, in 2015 and 2016, visitor level may have had an impact on frequency of out of 
sight in this group of macaques, which had previously been housed in an enclosure 
much more removed from visitors, but this current chapter indicates that neither 
visitor nor noise level impact on the number of macaques out of sight, three years 
after their introduction to the new enclosure. 
4.5.3 Considerations 
In the current study, visitor level was categorised into three levels; less than 
ten individuals, between 11 and 20 visitors and greater than 21 visitors. This was 
chosen based on previous studies undertaken on the lion-tailed macaques in Fota 
Wildlife Park. Many of the papers on visitor effect on animal behaviour examined 
and cited in this chapter varied in their estimation of surrounding visitor levels. For 
instance, Wood (1988) estimated visitor levels as low when numbers were less than 
10, moderate when one third of the railing surrounding the chimpanzee enclosure 
was occupied, and high when more than two thirds of the railing was occupied.  
Some studies define visitor level in small numbers; for example, Chamove 
et al. (1988) recorded visitors as absent or at least six visitor present. Todd et al. 
(200) defined visitors as absent with no visitors present, small with 1 to 5 visitors, 
and large when visitor number was greater than 5. Cooke and Schillaci (2007) 
categorised visitors into five groups: 1 was 0 visitors, 2 was one to two visitors, 3 
was two to five visitors and 4 was greater than five visitors.  
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Defining visitors as present or absent is common in several studies, such as 
Sherwen et al. (2015b). Other studies define visitor level in larger numbers; 
Sellinger and Ha (2005) defined densities of visitors as between one and ten visitors, 
11 to 20 visitors, 21 o 30 visitors, 31 to 40 visitors and 41 or more visitors. Bonnie 
et al. (2016) reported three visitor levels, 0 visitors present, one to 30 visitors 
present and more than 30 visitors present. Other methods include to use total visitor 
attendance in the zoo or aquarium, as used in Wells (2005), Kuhar (2008), Smith 
and Kuhar (2010) and Rose et al. (2018). In data collection guidelines by Bishop et 
al. (2013), the use of total visitor attendance may be useful but only if it correlates 
reliably with the number of visitors at the enclosure.  
Measuring noise level also varied across each of the studies. The 
measurement used in this chapter was dBA which is used to measure the human 
ear’s response to sound. This measurement was also used in the study by Quadros 
et al. (2014) and Westlund et al. (2012). Orban et al. (2017) used dBC levels in 
order to capture lower frequency sound levels. Owen et al, (2004), Powell et al. 
(2006), Cooke and Schillaci (2007) and Sherwen et al. (2015a) presented noise 
levels in decibels (dB). Some studies on the effect of noise do not measure sound 
levels in decibels; the study by Larsen et al. (2014) instead measured behaviour in 
response to sound recordings. Sellinger and Ha (2005) categorised the sound 
surrounding the enclosure from one to five, from quiet whispers to loud talking with 
shouting. O’ Donovan et al. (1993) reported a similar technique, categorising sound 
levels from silence to raised voices. 
As a result, the ranges of sounds reported in each of the studies also varies. 
In the current study, sound levels measured ranged from 32.5 dBA to 83.6 dBA, with 
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mean sound levels ranging from 44.41 dBA to 58.81 dBA. Quadros et al. (2014) 
reported sound level as 46.75 dBA when visitors were absent up to 60.42 dBA when 
visitors were present. Owen et al. (2004) reported a range of between 60.9 dB to 
84.2 dB. Cooke and Schillaci (2007) categorised sound levels, ranging from 55 dB 
to greater than 70 dB. In a lab-based study by Westlund et al. (2012), the authors 
reported base sound levels as 43 dBA in the laboratory, and up to 92 dBA under test 
conditions. Comparing sound levels across these studies can therefore be difficult.  
Determining when noise becomes a potential welfare issue is also 
challenging. Barber et al. (2010) stated that negative physiological effects on 
animals can appear at levels between 55 and 60 dBA. In the laboratory environment, 
the noise level of routine animal care activities (cleaning, feeding, etc.) have been 
recorded at between 60 to 80 dB (Voipio et al., 2006). This variation and difficulty 
needs to be taken into consideration when comparing results across studies. 
4.5.4 Conclusion 
This study has shown that visitor and noise levels can impact on behaviour. 
However, similar to the findings of other studies, this impact is ambiguous. 
Furthermore, there are several factors that can change how the presence of visitors 
impacts on behaviour, and therefore there are several ways in which this impact can 
be managed.  
Enclosure design has a very important influence on how animals cope with 
the presence of unfamiliar humans; for example, circular enclosures, such as islands 
or the macaque enclosure in this study, allow for greater visitor presence and noise 
level to be achieved along a greater perimeter of the enclosure (when compared to 
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other style of enclosures, Quadros et al., 2014), and it has been recommended, for 
lion-tailed macaques, that visitors should not have visual access to more than 50% 
of the enclosure space (Kaumanns et al., 2006). The design of the macaque 
enclosure in Fota, especially its location next to a visitor picnic area, does have 
consequences as visitors may be more likely to feed animals, as was observed 
throughout this study, although this is against Fota’s regulations. This is a larger 
issue that has been reported in a previous study of captive lion-tailed macaques 
(Irving-Lewis, 2004) and may have consequences for animal health. This may be 
also be important in species that react negatively to visitor presence and should be 
considered in designing enclosures. Some possible resolutions could be the addition 
of signage detailing the consequences of visitors feeding zoo animals, placing 
visitor amenity areas away from enclosure perimeters, or installing a barrier 
between the amenity area and the enclosure.  
Perhaps the most important element of enclosure design is the availability 
of retreat (or off-exhibit) space, as was discussed in chapter two; numerous studies 
have shown that allowing an animal control over their environment by providing 
opportunities to retreat, or escape, from visitors or any unfamiliar humans, may be 
important in regulating the impact of these stressors on behaviour and welfare (see 
Anderson et al., 2002; Birke, 2002; Kuhar, 2008; Smith & Kuhar, 2010; Bonnie et 
al., 2016). The macaques at Fota have ample space to escape from stressful 
situations, which may help limit the negative impact from visitor presence. 
Controlling visitor behaviour has also been considered, with some studies creating 
visible barriers; the use of a camouflage net in front of glass reduced visitor noise 
in a gorilla enclosure (Blaney & Wells, 2004) as well as physical sound barriers 
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(Orban et al., 2017). Other measures such as signage and the presence of personnel 
have also been found to be effective in controlling visitor behaviour (Kratochvil & 




















Using multiple studies to monitor behaviour of a group of lion-
tailed macaques over time  
5.1 Abstract 
 Zoos can have extensive amounts of information stored within their 
databases, which, if shared, could benefit other zoos as well as the wider scientific 
community. A significant amount of these data are behaviour-based, including 
unpublished undergraduate and postgraduate research projects. This chapter looks 
at the example of the lion-tailed macaque in Fota Wildlife Park, Ireland, where 
multiple studies have been carried out on the resident group over a period of six 
years, focusing on the behaviour of the group in response to various changes in 
composition and group size. Data were collected using instantaneous scan and focal 
sampling, by observing the entire group as well as the male that was introduced in 
2007. The results highlighted that alterations to the group structure of a captive 
group (such as the removal and/or death of a male) can have significant effects on 
the behaviours exhibited. Well-managed and directed undergraduate research could 
be highly beneficial to zoos in successfully managing their animals, especially in 
cases where zoos do not have dedicated research staff, as well as improving our 






Zoos have become an important resource for researchers, especially in 
facilitating behavioural research, where the information gathered from these types 
of studies is viewed as necessary in the successful management of a captive species 
(Singh & Kaumanns, 2005). Vast amounts of data are collected by zoo staff, with 
most of this information found in each institution’s database, such as, for example, 
the Animal Record Keeping System (ARKS) and Zoological Information 
Management Software (ZIMS); information on a species’ life history (such as 
reproductive patterns, mortality, etc.) can be gathered from these databases and 
utilised in studies (Fidgett et al., 2008).  
These databases also have a huge amount of behavioural data, collected by 
research staff and keepers, as well as data gathered by undergraduate research 
students, almost all of it unpublished. There are several reasons why there might be 
a hesitance in using data gathered by undergraduate students, including concerns 
about the overall reliability of the data and the, often short, time period in which 
data are collected (Hosey et al., 2011). However, there are also potential benefits to 
using these kinds of data. Some organisations state the benefits of using student 
researchers to collect data that they otherwise would be unable to collect due to time 
constraints, for example (Feistner & Price, 2002). Additionally, relatively few zoos 
have dedicated research staff (Feistner & Price, 2002; Anderson et al., 2010), 
therefore the use of student researchers can be of real help to smaller zoos, in 
particular. Rose et al. (2014) pointed out that undergraduate students that are 
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properly trained and supervised can be very important in carrying out research on 
typically under-studied species. 
Fota Wildlife Park, as with other zoos, has many unpublished, primarily 
undergraduate, research projects, spanning many years, covering a wide range of 
topics and species. There have been strong research links between Fota Wildlife 
Park and University College Cork for many years, supporting the research of not 
only undergraduate students but also postgraduate and postdoctoral students. This 
chapter explores the potential benefit of examining the data from some of these 
projects, focusing on the example of four undergraduate behavioural studies carried 
out on a group of lion-tailed macaques in Fota Wildlife Park. These studies took 
place between 2006 and 2012 and focus on the behaviour of the group in response 
to various changes in composition and size. 
 As mentioned in the general introduction of this thesis, the European 
Endangered Species (EEP) programme for this macaque has faced several 
difficulties, including low numbers of breeding females and high infant mortality 
(Kaumanns et al., 2013). Additionally, average captive group size tends to be small, 
with 77% of the 35 institutions involved in the EEP maintaining groups with less 
than 10 individuals (Silwa et al., 2017); group sizes of greater than 10 are 
considered preferable for the lion-tailed macaque (see Mallapur, 2005). Fota 
Wildlife Park has one of the most successful captive groups of lion-tailed macaques 
in the EEP, composed of 20 individuals by 2012, with a total of 14 births in the 
group from 2007 to 2012.  
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 This group has been the focus of a number of studies, undertaken by 
undergraduate students, for multiple reasons. The group has undergone various 
changes between 2006 and 2012, including the death of the dominant male (and a 
short period without a male), the introduction of a new adult male, the removal and 
death of a number of females, and the subsequent large number of births within the 
group. The aim of this chapter was to review the studies and examine the changes 
in behaviour in this group during the research periods, and to assess the potential 
value of these types of studies in further understanding and conserving this species. 
5.3 Methods 
5.3.1 Study site 
These studies were undertaken by undergraduate students (including the 
current researcher) of the School of Biological, Earth and Environmental Sciences 
(formerly the Department of Zoology, Ecology and Plant Sciences) in University 
College Cork, as part fulfilment of a BSc in Zoology or Applied Ecology, all under 
the supervision of Dr Ruth Ramsay (née O’Riordan). These studies took place in 
Fota Wildlife Park, Carrigtwohill, Co. Cork, Ireland, between June 2006 and 
November 2012 (total of 15 months of sampling). The undergraduate students were 
assisted at Fota during their data collection by the head primate keeper and other 
staff at Fota. During these studies, the macaques were situated on a 420 m2 artificial 





5.3.2 Study group 
 A description of the study population over the six years can be seen in Table 
5.1, Figures 5.3 and 5.4 show a few of the lion-tailed macaques in Fota, while Figure 
2.5 shows the relationships between individuals and births per female within the 
group from 2006 to 2012. In 2006, this group was comprised of 12 individuals, with 
two adult males, five adult females and five juveniles. Only the dominant male (Joe 
C.), an adult female and another female with her infant were observed until after 
the death of one of the males in July 2006, after which the other adult male, a 
juvenile and sub-adult female were also studied; three infants were born in 2006, 
one of which died shortly after birth. In 2007, the group had been reduced to eight 
individuals, including one newly introduced male (Jamal), a sub-adult male and six 
females. Between 2006 and 2007 two females (Hally and Elly) were removed from 
the group and relocated to Rotterdam Zoo, and one male (Jimmy) was relocated to 
Chester Zoo; three infants were born, one died, along with an adult female.  
By 2008, the group comprised the dominant adult male (Jamal), another 
adult male, five females and five juveniles, including two infants that were excluded 
from the observations. A total of four infants were born in 2008, with one infant 
death. In the fourth study, in 2012, there were 20 individuals in the group, the 
dominant male (Jamal), an adult male, four adult females, 14 juveniles; two females 
died during the 2012 period, one from injuries and the other was unknown causes. 
One of the adult females and the (subordinate) adult male were occasionally not 
present for sampling due to illness. Between 2009 and 2012, eight infants were 





Figure 5.1 & 5.2. Top photograph of the lion-tailed macaque island enclosure at 
Fota Wildlife Park. Bottom photograph of the dominant male (Jamal) interacting 







 The husbandry routine for the macaques remained largely the same from 
2006 to 2012; the animals were locked out of the house for the summer and given 
access to two heated huts on the island, and both the huts and island were cleaned 
regularly. The diet provided included a lot of fruit, scattered around the island twice 
a day, with extras of mealworms, ice blocks, eggs, browse and corn also provided. 
In 2008, the macaques were fed more often inside the house; by 2010 the feeding 
schedule had increased to three times a day, and four to five times a day by 2011. 
Methods of food-based enrichment provided by the keepers also varied over the 
six-year period, with pulleys and swings placed on the island in 2006, jute and paper 
bags filled with food in 2008, chicken stew parcels in 2009, plastic bottles and wire 
feeders in 2010, while items such as rotten logs and browse were provided regularly 
over the entire six-year period (Figure 5.2).  
5.3.4 Sampling and analysis 
 The first study by Casey (2007) took place in 2006 and looked at the 
aftermath of the death of the dominant male (Joe C.), by observing the behaviour 
of the remaining macaques. In 2007, the focus was on the introduction of the new 
male (Jamal), by observing the behaviour of the entire group (Tobin, 2008). Similar 
observations continued in 2008 and in 2012 (Quinn, 2009; Newman, 2013).  Two 
of these studies also looked at the effect of Haloperidol on the dominant male 
(Quinn, 2009) and environmental enrichment on juvenile behaviour (Newman, 






Table 5.1. All individual lion-tailed macaques present in Fota Wildlife Park from 2006 to 
2012. Name (in bold), sex, ID number, and date/location of birth also included. Ages defined 
as: newborn 0-11 months; juvenile 1 to 4 years (female) and five years (male) 
2006 (Casey, 2007) 2007 (Tobin, 2008) 2008 (Quinn, 2009) 2012 (Newman, 2013) 
Joe C.  2681 
Male Born: 21/4/1981 
St. Louis Zoological Park 
Arrived Fota 13/9/2000 
Deceased - - 
Hally 740 
Female Born: 29/2/1992 Fota 
Hally 7401 
Female Born: 29/2/1992 Fota 
Relocated - 
Elly 767 
Female Born: 23/4/1992 Fota 
Elly 7671 
Female Born: 23/4/1992 Fota 
Relocated - 
Ally 1336 
Female Born: 20/12/1997 Fota 
Ally 1336 
Female Born: 20/12/1997 Fota 
Ally 1336 
Female Born: 20/12/1997 Fota 
Ally 1336 
Female Born: 20/12/1997 Fota 
Bo 2726 
Female Born: 15/11/2000 Fota 
Bo 2726 
Female Born: 15/11/2000 Fota 
Bo 2726 
Female Born: 15/11/2000 Fota 
Bo 2726 
Female Born: 15/11/2000 Fota 
Lizzy 3113 
Female Born: 2/3/2002 Fota 
Lizzy 3113 
Female Born: 2/3/2002 Fota 
Lizzy 3113 
Female Born: 2/3/2002 Fota 
Lizzy 3113 
Female Born: 2/3/2002 Fota 
Jimmy 3199 
Male Born: 26/3/2002 Fota 
Relocated - - 
Kizzy 3346 
Female Born: 14/11/2002 Fota 
Kizzy 3346 
Female Born: 14/11/2002 Fota 
Kizzy 3346 
Female Born: 14/11/2002 Fota 
Kizzy 3346 
Female Born: 14/11/2002 Fota 
Nelly 3347 
Female Born: 3/12/2002 Fota 
Nelly 3347 
Female Born: 3/12/2002 Fota 
Nelly 3347 
Female Born: 3/12/2002 Fota 
Deceased 
Unknown 3509 
Female Born: 17/11/2003 Fota 
Unknown 35092 
Female Born: 17/11/2003 Fota 
Deceased - 
Brad 3714 
Male Born: 15/2/2005 Fota 
Brad 3714 
Male Born: 15/2/2005 Fota 
Brad 3714 
Male Born: 15/2/2005 Fota 
Brad 3714 
Male Born: 15/2/2005 Fota 
Unknown 3924 
Male Born: 2/3/2006 Fota 
Unknown 39242 




Male Born: 23/3/1995 
Belfast Zoo 
Arrived Fota 22/2/2007 
Jamal 4057 
Male Born: 23/3/1995 
Belfast Zoo 
Jamal 4057 
Male Born: 23/3/1995 
Belfast Zoo 
Mogsey 4227 
Female Born: 26/12/2007 Fota 
Mogsey 4227 
Female Born: 26/12/2007 Fota 
Tish 4191 
Female Born: 28/12/2007 Fota 
Tish 4191 
Female Born: 28/12/2007 Fota 
Stevie 4194 
Male Born: 26/1/2008 Fota 
Stevie 4194 
Male Born: 26/1/2008 Fota 
Lopez 42763 
Female Born: 14/11/2008 Fota 
Lopez 4276 
Female Born: 14/11/2008 Fota 
Pippy 42773 
Female Born: 23/11/2008 Fota 
Pippy 42774 
Female Born: 23/11/2008 Fota 
1 Removed from the group prior to sampling 
2Died outside sampling period 
3Not present during sampling period 
4Died during sampling period 
 
Jade 4356 
Female Born: 22/9/2009 Fota 
Michael 4362 
Male Born: 9/11/2009 Fota 
Ral 4377 
Male Born: 4/4/2010 Fota 
Warfi 4444 
Female Born: 31/8/2010 Fota 
Gizmo 4460 
Male Born: 28/10/2010 Fota 
Kelly 4467 
Female Born: 16/12/2010 Fota 
Fizzy 4562 
Female Born: 26/9/2011 Fota 
Pat 4603 
Female Born: 17/2/2012 Fota 
Casey 4628 





Figure 5.3 & 5.4. Top photograph of the dominant male (Jamal) at Fota Wildlife 
Park. Bottom photograph: female macaques foraging, with one juvenile macaque 







Figure 5.5. All offspring born to the female lion-tailed macaques in Fota Wildlife 
Park from 2006 to 2012. Male offspring shown in grey. 1Offspring of Joe C. 2681 
2Offspring of Jamal 4057 
 
 Table 5.2 shows the sampling methods in detail from each study. Both 
instantaneous scan (at the group level) and individual focal sampling were used in 
all four studies, each with four 15-minute focal samples and 3-4 scan samples 
(between each focal sample) per hour of observation. The time of day and month 
sampled varied slightly during the different studies, but all sampling took place in 
the morning and afternoon (before 12.00 h/after 12.01 h) and between the months 
of July and November.  
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Table 5.2. Variations in sampling across all four studies from 2006 to 2012 in Fota 
Wildlife Park. 














15 minutes 3 
140 hours: 
420 scans & 
560 focals 
Tobin 2008 






15 minutes 4 
114 hours: 
456 scans & 
focals 
Quinn 2009 





15 minutes 4 
96 hours: 
384 scans & 
focals 
Newman 2013 







15 minutes 4 
80 hours: 
320 scans & 
focals 
1Recorded between each focal sample 
 
The detailed ethograms constructed in each study were very similar, but this 
study concentrated on grouped behaviours only, similar to the way that the data 
were presented in each of the studies; active (walking, running, climbing, etc.), 
resting (sit, sleep), feeding (foraging, feeding), affiliative social (playing, 
copulation, allogrooming, etc.). Vigilance exhibited by the dominant male (Jamal) 
was also included in this study. Fishing behaviours were not included as limited 
data were only collected on this behaviour in one study. Table 5.3 provides an 
overview of how each of the behaviours were described in each study. 
The data were pulled from each of the studies and analysed using R 3.4.3 
(R Core Team, 2017). Scan sample data were analysed to examine the changes in 
the behaviour of the entire group. The mean percentage frequency for each 
behaviour was calculated using data collected from all time periods and months, 
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correcting for different group sizes. Focal sample data on the dominant male from 
each study (except Casey (2007) when the male was not present) were also 
examined, using the mean frequency of each of the grouped behaviour categories. 
To test for normality, Shapiro-Wilks test were performed, as well as visual checks 
and the data were found to deviate significantly from a normal distribution. The 
Kruskal-Wallis test was chosen for the focal sample data as it is used to test two or 
more sample that are independent with different sample sizes. Post-hoc analysis 
was performed using the R package ‘pgirmess’ (Giraudoux, 2018). 
For the scan sample data, a likelihood-ratio G-test was performed using the 
R package ‘DescTools’ (Signorell et al., 2017), as recommended in Bishop et al. 
(2013), in order to determine if the behaviour of the lion-tailed macaques differed 
across each of the studies. The null hypothesis was that there was no association 
between behaviour and study year. The standardised residuals were calculated to 
determine significance, as outlined in Field et al. (2012); if value is outside of ± 
1.96 then p < 0.05, if the value is outside of ± 2.58 then p < 0.01, and if the value is 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5.4.1. Group behaviour 
 A significant association was found between lion-tailed macaque behaviour 
and study year (χ2(9) = 164.92; p < 0.001). The standardised residuals indicate 
which behaviour had the most influence on the test (Table 5.4). Figure 5.5 shows 
the differences in behaviour of the lion-tailed macaques across each of the four 
studies. Lion-tailed macaques engaged in significantly more feeding behaviours 
(foraging, feeding) in 2006 (z = 3.69; p < 0.001), while in 2008, the macaques 
engaged in significantly fewer feeding behaviours than expected (z = -2.91; p < 
0.01). 
 The lion-tailed macaques in 2006 and 2012 engaged in significantly fewer 
resting behaviours than expected (2006: z = -2.75; p <0.01) (2012: z = -5.07; p < 
0.001), while in 2007 and 2008 significantly more macaques were engaged in 
resting behaviours than expected (2007: z = 7.47 p < 0.001) (2008: z = 2.51; p < 
0.05). The macaques engaged in affiliative social behaviours significantly more 
than expected during the study in 2012 (z = 4.35; p < 0.001), while in 2006 and 
2007, fewer macaques were engaged in these behaviours than expected (2006: z = 
-2.49; p < 0.05) (2007: z = -4.46; p < 0.001). No significant association was found 






Table 5.4. Contingency table showing total frequency of each behaviour exhibited 
by the lion-tailed macaques over the four studies from 2006 to 2012. 
Significance level p < 0.05 *, p < 0.01**, p < 0.001*** 
 
 
Figure 5.5. The mean percentage frequency (±SE) of behaviours exhibited by the 
lion-tailed macaques in Fota Wildlife Park across each of the four studies from 2006 
to 2012. 
 Behaviour     
Study Year Active Rest Feed Affiliative Total 
2006 64 29 90 34 217 
 1.09 -2.75** 3.69*** -2.49*  
2007 94 162 100 54 410 
 -1.12 7.47*** -1.44 -4.46***  
2008 71 74 46 59 250 
 0.83 2.51* -2.91** -0.12  
2012 223 124 259 274 880 
 -0.22 -5.07*** 0.70 4.35***  
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5.4.2 Behaviour of the male 
 The changes in behaviour exhibited by the dominant male lion-tailed 
macaque across three of the studies can be seen in Figure 5.6. A significant 
difference (p < 0.001) was found in resting behaviours exhibited by the dominant 
male between the study in 2007 (10.89% ± 1.63) and in 2012 (46.22% ± 4.81). A 
significant difference (p < 0.001) was also found in time spent engaged in affiliative 
behaviour; affiliative behaviours occurred at higher frequencies in 2012 (26.32% ± 
5.71) compared to 2007 (1.6% ± 0.26) and 2008 (2.96% ± 0.68). Vigilant behaviour 
exhibited by the dominant male also changed over the three studies, occurring 
significantly less (p < 0.001) in 2012 (3.28% ± 0.82) compared with both 2007 
(19.67% ± 4.32) and 2008 (35.54% ± 2.81). Figure 5.6 also shows that active and 
feeding behaviours varied across the three studies, but no significant difference was 
found. 
 
Figure 5.6. The mean percentage of time (±SE) the dominant male lion-tailed 
macaque engaged in behaviours observed in Fota Wildlife Park across three studies 




5.5.1 Behavioural changes 
Immediately following the death of the dominant male (Joe C.) in 2006, 
Casey (2007) noted that active and resting behaviours generally increased in the 
lion-tailed macaque group, social behaviours decreased while levels of feeding 
remained the same. Similar results were found in studies of captive stump-tailed 
macaques after the removal of the dominant male (Rhine, 1973), while in studies 
of the removal of high-ranking females, the opposite has been observed, with higher 
levels of both agonistic and affiliative social behaviours (e.g. Chapais & Larose, 
1988; Lemasson et al., 2005). 
In 2007, the new male (Jamal) was introduced to the remaining male, 
females and juveniles of the group. While higher levels of aggression were not 
recorded in the group during the period of data collection by Tobin, following 
Jamal’s introduction, Jamal killed one juvenile and one female, while two females 
had to be removed and relocated to a new zoo (Tobin, 2008), as a direct result of 
the high aggression levels between Jamal and these females. Infanticide is well 
documented among wild populations of primates following the ‘introduction’ or 
arrival of new males. What was perhaps unusual here is the suggested high levels 
of aggression from the females towards the new male; in the wild, female lion-tailed 
macaques have been noted to react more positively to new males rather than the 
resident male (e.g. Singh et al., 2006a), preferring them for mating. The aggression 
here could be a result of the limited space in the captive environment, meaning that 
the females could not escape this highly aggressive male, because of the presence 
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of infant macaques within the group or possibly because they had a period of time 
without any dominant/adult male. 
In 2008, a year after the introduction of the male, Quinn (2009) observed 
decreased levels of vigilance and increased levels of affiliative social behaviours in 
the new male since Tobin’s data collection in 2007. This perhaps suggests that the 
new male was beginning to bond with the females, evidenced with increased 
grooming and sexual behaviours. This is evident by the successful births in the 
group; five births from 2007 to 2008, all sired by the new male. Signs of the male’s 
dominance were also noted; he fed on one of the platforms located on the island, 
while the other individuals kept away, with only the sexually mature females 
allowed to feed with him (Quinn, 2009). Dominant individuals can be distinguished 
by their preferential access to food resources and potential mates (e.g. Vessey, 
1984).  
Although no quantitative data were gathered on it, an interesting innovative 
behaviour was noted in these macaques across the six years that they were observed; 
they regularly fished in the harbour water that surrounded their island. The 
macaques fished for crab mainly, sometimes even going out waist deep in the water 
to catch items. This was first noted in 2007, and repeatedly reported in the 
subsequent three studies. In 2007, Casey stated that this behaviour had only been 
noted recently and was only observed in the juvenile (immature) macaques, 
suggesting that this was a recently learned behaviour. This behaviour inspired the 
use of a water-based enrichment that will be discussed in chapter five.  
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Two of the studies included in this chapter also looked at the effect of 
Haloperidol on the behaviour of a male lion-tailed macaque (Quinn, 2009) and on 
different enrichment strategies on the behaviour of juveniles lion-tailed macaques 
(Newman, 2013). Haloperidol is a potent neuroleptic drug and can be used to lower 
aggression, inhibit stereotypical behaviours and during translocation of animals 
(Iglauer & Rasim, 1993; Pfitzer & Lambrechts, 2001). Quinn (2009) found that the 
male lion-tailed macaque spent more time resting and less time engaged in vigilant 
or aggressive behaviours. In the enrichment study, Newman (2013) examined the 
effect of three food-based enrichment devices (filled plastic bottles, logs and filled 
socks), and did not observe any significant changes in the behaviour of the juvenile 
macaques with any of the enrichment types.  
5.5.2 Potential benefits of these studies 
Studies on behaviour of captive lion-tailed macaques are essential to ensure 
the continued success of groups, such as this one in Fota Wildlife Park. Another 
paper which looked at three undergraduate projects on captive animals found that 
these types of studies can enhance standards of care (including establishing better 
enrichment and enclosure design), as well as increase research output on under-
studied species (Rose et al., 2014). Zoos tend to have many undergraduate projects, 
covering a wide range of topics and species. Some of these studies, such as the 
examples provided in this chapter, may look at one captive group over several years 
and could potentially be used to monitor and understand the behaviour of captive 
animals over a longer period of time. These kinds of longitudinal, multigenerational 
studies are generally only possible in a captive setting (Kleiman, 1992).  
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Studies on successful groups such as this one in Fota are vital to not only 
ensure their continued success but also to help manage captive groups elsewhere. 
These types of studies can also be useful in understanding and conserving wild 
populations of animals. Information collected in a zoo environment can provide 
new insights into the behaviour and biology of a species and can be applied to 
helping vulnerable populations in the wild, just as information gathered from wild 
groups can in turn be used for improving the welfare of their captive counterparts 
(Tribe & Booth, 2003). Additionally, captive groups are no longer seen as isolated 
but as units of a meta-population, potentially providing a model for fragmented, 
wild populations (Singh & Kaumanns, 2005). Similarities exist between fragmented 
populations and captive groups, such as: males are unable to migrate, and may stay 
with the same group for extended periods of time, and intergroup encounters hardly 
ever occur (Singh & Kaumanns, 2005). These similarities mean that the information 
gathered from studying these captive groups could be used as a model for assisting 
populations in fragmented habitats, to help understand the constraints of these 
fragmented groups and develop managerial strategies to improve conditions. These 
could include direct, short-term approaches such as introducing new males to a 
forest fragment, or more permanent, indirect approaches such as the creation of 
corridors, linking forest fragments to allow for the migration of males.  
5.5.4 Limitations and conclusions 
The potential issues with using undergraduate data in general have been 
mentioned previously, including the reliability of the data (as the students tend to 
be inexperienced) and the small time frame in which the data are collected (Hosey 
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et al., 2011). These weaknesses can be overcome by careful management of the 
students during data collection, using the same supervisors for the projects (such as 
the examples included in this chapter), and by assigning research topics to the 
students that focus on different questions related to the same group, allowing for 
longer term data collection. In relation to the examples in the current chapter, there 
are a number of issues that could be addressed going forward with data collection. 
For instance, the establishment of an ethogram with clearly defined behaviours that 
could be used in all studies would allow for easier comparison. There were a 
number of limitations in the analysis in the current chapter; individuals were not 
identified (except for the adult male introduced in 2007) and in some studies not all 
individuals were included in observations, but these individuals were not clearly 
identified either. The inclusion of detailed descriptions of the individuals within a 
group (including ID number and date of birth) in addition to requiring students to 
submit their data files along with the research projects would ensure that future 
analysis can be more robust. 
With regards to behavioural sampling, individual focal animal sampling is 
useful for observing both states and events, while instantaneous scan sampling is 
useful for states only. Events are instantaneous (e.g. vocalisations), while states are 
longer in durations (e.g. sleeping) (see Altmann, 1974). In these studies, scan 
sampling was used for the group level, which, while it doesn’t allow for data 
collection on individuals, it can be advantageous for short-term projects where 
observers have insufficient time to become familiar with individual animals, 
especially in large groups or large enclosures that can make identification even 
more difficult.  Providing research guidelines for the students can help improve the 
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quality and reliability of the data; there are several guides on how best to use zoo 
records in studies (e.g. Fidgett et al., 2008) and on carrying out research in zoos 
(e.g. Crockett & Ha, 2010; Bishop et al., 2013). 




Introduction of three new males into a captive lion-tailed macaque 
group 
6.1 Abstract 
The introduction of an unfamiliar animal to a new individual or group can 
be highly stressful for any animal. Various studies have tried to determine the best 
method for introducing unfamiliar animals to each other, but many of them disagree 
on the most appropriate method of introduction. In this study, three new male lion-
tailed macaques were introduced to the resident group in Fota Wildlife Park. The 
introduction method here was slow, with controlled contact between the new males 
and resident group over a period of 17 months. Behavioural data were collected 
using scan and focal sampling to observe the differences in the behaviour of the 
existing group before and after the introduction of these new males and during the 
different types of contact (‘outside pen’, ‘indoor house’, ‘split group’ and ‘mixed’). 
Data were analysed using randomisation and a likelihood-ratio G-test. Active 
behaviours increased in the first 3 months following the introduction of the new 
males, while self-directed behaviours decreased overall. Aggression was observed 
most frequently in the first three months after introduction of the new males, during 
the ‘outside pen’ period of contact. By September 2018, there was one successful 
birth within the group, one of the two surviving males was fully integrated into the 
group, and with the integration of the second male looking promising, overall this 




As part of breeding programmes within and between zoos, individual 
animals can be moved frequently between enclosures and institutions, with the aim 
to improve reproductive success and promote greater genetic diversity. These 
movements mimic wild populations, where individuals move between groups for 
breeding. As in wild populations, introductions of new animals can be dangerous 
and high levels of aggression are commonly noted (e.g. in chimpanzees, Hoff et al., 
1996; Brent et al., 1997; in tufted capuchins, Cooper et al., 2001; in gorillas, Jacobs 
et al., 2014). In captivity, however, these introductions can be even more 
dangerous, with limited space for individuals to retreat during aggressive 
encounters (Morgan & Tromberg, 2007).  
As mentioned in the previous chapter, since the introduction of the adult 
male in 2007, the lion-tailed macaque group at Fota Wildlife Park has grown, with 
15 individuals born here since 2007, and all adult females reproducing successfully. 
As part of the European Endangered Species Programme (EEP), to prevent 
inbreeding and promote greater genetic diversity, three new male macaques were 
introduced the group in 2015. This chapter focuses on this lion-tailed macaque 
group as this introduction and integration took place. 
In the wild, lion-tailed macaques live in polygynous groups, generally with 
just one dominant and few other males. Females remain in their natal group, with 
the youngest daughter inheriting her mother’s rank. Upon reaching sexual maturity, 
lion-tailed macaque males migrate for breeding; the main reason for this is thought 
to be incest avoidance (Alberts & Altmann, 1995; Missal, 2013), as well as access 
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to more females (Dobson, 1982) and obtaining a higher social rank (Borries, 2000; 
Jack & Fedigan, 2004). Aggression among males is high and migratory males 
maintain their distance from one another (Kaumanns & Singh, 2012; Singh et al., 
2011). Female lion-tailed macaques have generally been reported to prefer 
unfamiliar males for breeding and are thought to be the least xenophobic among 
macaques (Kumar et al., 2001). However, social interactions among individuals are 
far fewer in comparison with other macaque species (Kaumanns et al., 2006). Adult 
male lion-tailed macaques are usually peripheral within a group (Hohmann 1988), 
are generally less social, with more agonistic interactions with both females 
(Harvey & Lindburg, 1991) and, especially, other adult males, in comparison to 
other macaque species, such as the bonnet macaque (Singh et al., 2011). 
In the present study, the three new male lion-tailed macaques were 
introduced slowly to the resident lion-tailed macaque group in Fota, with controlled 
contact between the main group and the new, unfamiliar males. There are numerous 
studies that examine the ideal method for introducing new and unfamiliar 
individuals to a group of animals, with some suggesting slow and careful methods. 
For example, Westergaard et al. (1999) conducted an integration of unfamiliar 
laboratory-housed rhesus macaques and found that incremental introductions of 
individuals, along with enclosures that allow for visual and social separation of 
individuals, are key in reducing the risk of injuries and ensuring success. Schel et 
al. (2013) reported similar findings during the integration of two zoo-housed groups 
of chimpanzees, citing enclosure design as an important factor also. In a study on 
gorillas, Hoff et al. (1996) stated that allowing individuals to adapt to each other 
over time was important in ensuring long-term success. Other studies have reported 
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that there is no difference in terms of success between sudden or prolonged 
introductions of unfamiliar individuals in primates (Bernstein, 1969; 1991).  
At the individual level, introducing adults to a group has been found to be 
more problematic than introducing younger (immature) individuals; one study 
found that, in chimpanzees, 8% of adult-to-adult introductions resulted in wounds 
in both the introduced or resident individuals, or both, with wounds more likely to 
occur in male-male introductions (Alford et al., 1995). Several studies have shown 
that male-to-male introductions are far more likely to be unsuccessful than 
introductions with females (in long-tailed macaques, Crockett et al., 1994; in 
multiple macaques species, Reinhardt et al., 1995; in chimpanzees, Alford et al., 
1995; Brent et al., 1997).  
The objectives of this study were: 
1. To compare the behaviour of the lion-tailed macaques before and after 
the introduction of the new males to determine how behaviour had 
changed; 
2. To examine differences in behaviour observed during each type of 
contact over the course of the introduction; 








6.3.1 Study site 
This study took place in Fota Wildlife Park, Carrigtwohill, Co. Cork, 
Ireland. The lion-tailed macaques had recently relocated (as described in chapter 
three) to a 4 200m2 enclosure. This enclosure features a large indoor house, divided 
into several pens, with one large enriched area with a visitor viewing window, and 
a small outdoor pen attached to the house (see Figure 3.3, 3.4 and 3.5 of this thesis). 
The husbandry routine for these macaques stayed relatively consistent for the study 
period, whereby they were fed in the house, as well as scatter feeds in the outside 
enclosure. However, the amount of fruit in the diet was reduced significantly from 
May 2016 onwards. 
6.3.2 Study group 
A detailed description of the group can be seen in Table 6.1. Before the 
introduction of the new males, the group was composed of one dominant male, one 
subadult male, nine females and six juveniles (one to four years (female), five years 
(male)). After the arrival of the three new males, the dominant (Jamal) and subadult 
male (Ral) were removed from the group prior to the start of the introduction. The 
resident group was comprised of nine mature females and six juveniles. Of the three 
new males, two of the males were sexually mature adults (Joe and Quazi) and one 
was a juvenile (Mauzer). The two younger males (Quazi and Mauzer) were 
paternally related and all three were familiar with one another, as they all came 
from the same captive group (Belfast Zoo). Over the course of the study, one of the 
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new males (Quazi) was euthanised due to injuries and one female (Kizzy) was 
removed from the group as she was repeatedly injured.  
6.3.3 Introduction and integration 
The males were introduced to the enclosure on 31st March 2015. They were 
given access to the main house’s outdoor pen and one indoor pen at first. The 
integration procedure started with only visual and limited tactile contact between 
both groups at two points of the enclosure, at the small outdoor pen at the side of 
house and inside the house itself. The males and females were moved between both 
areas frequently, so both groups had regular access to the large outdoor enclosure. 
Table 6.1. All of the lion-tailed macaques present over the course of the study at 
Fota Wildlife Park from March 2015 to August 2016. See also Figure 5.5 and 
Appendix I for additional information. 
Resident Group New males 
Ally 1336 Female DOB: 20/12/1997 
Bo 2726 Female DOB: 15/11/2000 
Lizzy 3113 Female DOB: 2/3/2002 
Kizzy 3346 Female DOB: 14/11/20023 
Mogsey 4227 Female DOB: 
26/12/2007 
Tish 4191 Female DOB: 28/12/2007 
Jade 4356 Female DOB: 22/9/2009 
Warfi 4444 Female DOB: 31/8/2010 
Kelly 4467 Female DOB: 16/12/2010 
Fizzy 4562 Female DOB: 26/9/2011 
Pat 4603 Female DOB: 17/02/2012 
Casey 4628 Male DOB: 26/3/2012 
Oisín 5070 Male DOB: 22/2/2013 
Hugh 5041 Male DOB: 14/11/2013 
Sally 5069 Female DOB: 2/12/2013 
 
Jamal 4057 Male DOB:23/3/19951 
Ral 4377 Male DOB: 4/4/20101 
Joe 4759 Male DOB: 16/3/2003 
Quazi 4758 Male DOB :6/9/20072 3 
Mauzer 4760 Male DOB: 1/1/20112 
1Removed before the introduction began        
2Related males 
3Removed/died during study 
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There were also periods of no contact, periods with the males mixed with some of 
the females and juveniles, and periods where both groups were mixed. For this 
analysis, the periods of contact are defined as: ‘outside pen’, ‘indoor house’, ‘split 
group’, ‘mixed’ and ‘no interaction’ (Table 6.2). These were not sequential, the type 
of contact for each sampling period was determined by the keepers, depending on 
availability of staff and the welfare of the macaques (e.g. individuals with injuries 
were allowed to heal before any further contact). 
Table 6.2. Description of the types of contact between the female/juvenile group and 
the new males over the course of the introduction and integration. 
Contact type Description 
Outside Pen 
Full visual but limited tactile contact between the 
two groups. Main point of contact was the outside 
pen attached to the macaque house. This contact 
type occurred primarily at the beginning of the 
study. 
Indoor house 
Full visual but limited tactile contact between the 
two groups. Points of contact/interaction were 
inside the macaque house and not visible to the 
observer. 
Split group 
The two groups were mixed and split into two 
different groups again. One group locked inside 
house, the other group had access to the outside 
enclosure. The number of individuals in each 
group varied. Full tactile contact between 
members of each group. Contact between groups 
varied day to day. 
Mixed 
All individuals mixed together with 
indoor/outdoor access and full tactile contact.  
No interaction 
Females/juveniles and new males separated with 




6.3.4 Data collection and analysis 
Data were collected using the same methods as described in chapter two, 
three and five, with instantaneous scan sampling at the group level and 15-minute 
focal sampling for individuals. Data were collected over two-hour periods, both in 
the morning (10.30 h to 12.30 h) and in the afternoon (13.30 h to 15.30 h). The 
macaques were observed only at points outside the enclosure (not inside the house) 
as to not impact on the macaques. For each observation period, the contact type was 
noted. Data were collected from March 2015 to August 2016, however this data 
collection was not continuous, there were several interruptions in the introduction 
procedure, such as individuals separated after receiving hormonal implant (to 
reduce aggression). Data were also collected over a two-month period before the 
introduction of the new males using the same methods (chapter three). Along with 
this data collection, observational field notes were also taken, along with keeper 
observations. All of the behaviours were grouped by type for analysis and the 
behaviours observed can be seen in Table 6.3. A total of 104 scan and 95 focal 
samples were collected before the introduction, and 351 scan and 251 focal samples 
collected during the introduction of the new males. 
The data were analysed using R 3.4.3 (R Core Team, 2017). For the focal 
sample data, the mean percentage per day was calculated for each behaviour (n = 





(Hothorn et al, 2006) to determine if there were any differences in behaviour before 
and after the three males were introduced. For the scan sample data, the key 
behaviours focused on were affiliative social behaviours, aggressive behaviours and 
self-directed behaviours. These data were analysed using the likelihood-ratio G-test 
was used, which is preferred for analysing activity budgets, as outlined in Bishop 
et al. (2013). ‘No interaction’ contact was excluded as it occurred only once in the 
observation period. The mean percentage of macaques engaged in each behaviour 
Table 6.3. The behaviours observed and included in the analyses on the lion-tailed 
macaques in Fota Wildlife Park during this study period. See Appendix II for 
detailed description of behaviours. 












Affiliative Sexual inspection/presentation 
 Mount 
 Copulate 









Out of sight  
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per day was calculated (outside pen: n = 13; indoor house: n = 12; mixed: n = 15; 
split: n = 5). The null hypothesis was that there is no association between these three 
behaviours and contact type. The standardised residuals (z-score) for each 
behaviour/contact type were also calculated and used to assess significance; if the 
value is outside of ±1.96 then p < 0.05, if the value is outside of ±2.58 then p < 
0.01, and if the value is outside of ±3.29 then p < 0.001 (Field et al., 2012). 
Variability is described using standard error (±SE). 
  6.4 Results 
6.4.1 Behaviour before and after introduction 
Mann-Whitney U randomisation equivalent tests were performed on the 
observed behaviours (Figure 6.1) before and after the introduction of the new males 
(with 1000 re-randomised pseudosamples) and a statistically significant difference 
was found in self-directed behaviour (z = -2.09; p = 0.03). Self-directed behaviours 
were observed to decrease after the introduction of the new males (0.71% ± 0.21) 
from the period before (1.87% ± 0.27). A difference was also found in active 
behaviour before the introduction of the new males and in the three-month period 
after (z = -1.93; p = 0.04). Active behaviours were observed at an average frequency 
of 7.35% ± 1.56 before the introduction of the new males; this increased to 12.6% 





Figure 6.1. The mean percentage frequency (±SE) of behaviours exhibited by the 
lion-tailed macaques at Fota Wildlife Park, before, during the immediate three-
month period after, and in the entire period after the introduction of the three new 
males. 
6.4.2 Behaviour during introduction 
There was no statistically significant association found between the 
behaviours analysed and contact type (2(6) = 4.35; p = 0.629). The standardised 
residuals (as described in Field et al., 2012) indicated however that aggressive 
behaviours were observed significantly more frequently than expected during the 






























































































































































































































































































































































6.5.1 Behaviour during introduction 
Overall behaviour differed little before and after the new males arrived. 
After the introduction of the new male lion-tailed macaques in Fota, active 
behaviours increased significantly. This is similar to what was found in previous 
observations on this group of macaques, after the introduction of a single adult male 
(see chapter five). In a captive group of western lowland gorillas, however, Van 
Weerd et al. (2010) reported that active behaviours decreased after the introduction 
of a new male. In the present study, it was also found that self-directed behaviours 
decreased after the new males were introduced. However, as self-directed 
behaviours were already quite low overall, this may be of little biological 
significance.  
Aggressive behaviours were found to be significantly higher during the 
‘outside pen’ contact period; this type of contact occurred primarily in the first three 
months of the introduction of the new males. The introduction of a new adult male 
into a group can result in aggression, injury and possibly even infanticide (Zaunmair 
et al., 2015).  Studies have shown that in macaques, aggression is higher in the first 
few moments of introduction of unfamiliar individuals, but tends to decline rapidly 
after (Bernstein, 1964; Clarke et al., 1995; Brent et al., 1997; see also similar results 
in gorillas, Hoff et al., 1996). This may explain the higher frequencies of aggression 
during this contact period only; the females were noted to be aggressive towards 
the male immediately following the introduction, but this level of aggression 
declined shortly after (pers. obs.). In general, female lion-tailed macaques have 
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been reported to be the least xenophobic amongst macaques towards new males 
arriving into a group, preferring them for mating (Kumar et al., 2001). This 
behaviour is thought to counteract the risk of infanticide (Cooper et al., 2001) and 
is also seen in other primate species (Hrdy, 1979). There was a lot of aggression 
noted (pers. obs., March/April 2015) between the two younger new males and a 
small number of females, but the younger females were also receptive to the new 
males, particularly the older mature male. One male in particular (Quazi) was more 
aggressive towards the females than the other two males and during one of the 
‘mixed’ periods of contact, he was attacked and had to be later euthanised due to 
his injuries. Although it is unknown what exactly occurred, the older male (Joe) had 
been observed earlier attacking Quazi, perhaps as he was showing aggression to a 
female (T. Power, pers. comm., June 2015). Similar findings were reported in a 
study on the immigration of a highly aggressive male into a group of wild yellow 
baboons (P. cynocephalus) which resulted in an increase in serious wounding 
among both males and females (Pereira, 1983).  
Aside from this one aggressive male, rates of  aggression resulting in serious 
injuries were generally low within the lion-tailed macaque group in this study, 
which could be because of the introduction methods, which did not allow for full 
contact between the two groups, the lack of very young infants within the group, or 
possibly because the two other new males were not as aggressive; Beehner et al. 
(2005) suggested that female chacma baboons (P. ursinus) were able to distinguish 
between males that represented a threat to their infants and those that did not. 
Additionally, at Fota, the oldest male (Joe) was chemically castrated (deslorelin 
implant). The use of chemical castration is thought to be beneficial in reducing 
129 
 
aggression of males in particular, while still allowing for the possibility of future 
breeding. Vinke et al. (2008) found that chemical castration was more effective at 
reducing aggression in ferrets than surgical castration and has also been reported to 
be successful in reducing aggression in lion-tailed macaques (Norton et al., 2000).  
In the current study, immediately before the introduction of the three males 
to the group, the previous dominant male was removed, as part of the long-term 
management plan for this species. Therefore, it is difficult to determine if the 
changes in behaviour exhibited by the macaques is due to the absence of the 
dominant male or the presence of the new males, but both events more than likely 
played a significant role. Previous studies have shown that the sudden removal, or 
death, of a dominant male can have negative impacts on social behaviours (see 
chapter five; Rhine, 1973), often with unpredictable consequences as studies have 
shown both increased aggression among females (Oswald & Erwin, 1976) and 
reduced aggression (Singh et al., 1992) following the removal of a dominant male. 
The presence of more than one male has been noted to have an impact on behaviour 
also; in two wild groups of lion-tailed macaques, Kumar et al. (2001) reported that 
the frequency of positive social interaction tended to decrease, between both males 
and females, and among females, when two adult males were present. 
6.5.2 Evaluation of introduction method 
In this study, a slow method of introduction and integration was used, where 
the macaques had limited and varied contact with one another over the course of 17 
months. Winslow et al. (1992) followed a lengthy, successful introduction period 
of an adult male lowland gorilla over 14 months; this procedure included a long 
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period of visual, auditory and olfactory contact only, followed by limited tactile 
contact before full physical contact. A study by Westergaard et al. (1999) 
investigated whether sudden (one day) or prolonged (weeks) introductions 
impacted on rates of injuries or reproductive success in lab-housed rhesus 
macaques. The authors found that prolonged introductions, allowing individual 
introductions, significantly reduces the risk of serious injury in these macaques. The 
authors also reported, however, that the rate of introduction did not impact 
reproductive success.  
Some studies have suggested that a quicker introduction method may be 
more successful when introducing new individuals. Bernstein (1969) found that the 
simultaneous introduction of individuals into a group of pig-tailed macaques was 
far less disruptive and resulted in fewer incidents of aggression than did the slower 
method of introduction. Furthermore, Bernstein (1991) stated that, based on several 
studies on introduction procedures with different species of monkey, there is no 
evidence that gradual introductions were more successful than sudden 
introductions. He stated that slow introduction periods, or repeated introduction of 
individuals, can increase agonistic responses. The only exception he stated is when 
the no-contact period is used to determine compatibility of individuals. 
On integrating a proboscis monkey all-male group, Sha et al. (2013) 
suggested that ideally individuals should be introduced before reaching sexual 
maturity, individuals should represent a range of ages to facilitate the establishment 
of dominance, and that enclosure design and feeding techniques (i.e. scatter feeding 
to reduce competition) are important to successful introductions. The three males 
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introduced in Fota ranged in age from four to 12 years of age and, as mentioned 
previously, all three males were familiar with one another, originating from the 
same captive group, possibly limiting the risk of aggression, which was also found 
in tufted capuchins (Cooper et al., 2001). The three new males in Fota, at least in 
the period before mixing, seemed highly tolerant of one another, maintained close 
physical contact and regularly engaged in grooming (pers. obs., April 2015). 
Although relationships between adult male macaques, especially among lion-tailed 
macaques, are generally reported as antagonistic (e.g. Singh et al., 2011), there have 
been several reports indicating positive interactions (grooming and body contact) 
between adult male long-tailed macaques (e.g. Brent & Veira, 2002).  
Enclosure design is an important factor to consider in introductions, 
especially when introducing unfamiliar individuals. It may be necessary for 
individuals to be able escape from aggressive encounters (e.g. Westergaard et al., 
1999); in a study on chimpanzees, Herrelko et al. (2015) suggested that the number 
of areas available for an individual to move to is more important that the total space. 
Schel et al. (2013) suggested that a likely reason for integrations being unsuccessful 
is the spatial constraints in captivity, forcing individuals to interact from the very 
beginning of the introduction procedure. It should be noted however that some 
studies have indicated that the design of the enclosure did not impact rates of 
aggression when groups were socially unstable (in pig-tailed macaques M. 
nemestrina, Erwin et al., 1976; in rhesus macaques, Fairbanks et al., 1978). In this 
study at Fota, the design of the enclosure played an important role. The internal 
layout of the house and the presence of a smaller outdoor cage provided multiple 
points of visual and limited tactile contact between the two groups of macaques, 
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possibly preventing major injuries. Indeed, aggression was recorded at its highest 
during the ‘outside pen’ periods, where the macaques only had visual and limited 
tactile contact; aggression was observed at low levels during the other periods.  
6.5.3 Conclusion 
The integration of these new males into the resident group of lion-tailed 
macaques at Fota is still ongoing. Studies have shown that the successful integration 
of unfamiliar individuals is a long, slow process. A study on the integration of two 
captive chimpanzee groups found that one year after the introduction, the two 
groups remained distinct from one another, supporting the idea that the 
development of positive social behaviour between unfamiliar individuals takes time 
(Schel et al., 2013). Cooper et al. (2001) found similar results with tufted capuchins, 
where affiliative relationships with the resident female took many weeks to 
establish. Bernstein (1969) found differences between species of macaque, with 
pig-tailed macaque groups remaining unstable for weeks after group formation, 
much longer than rhesus macaques.  
Similar to the study by Hoff et al. (1996), the long-term goal of the 
introduction at Fota was to encourage breeding and greater genetic diversity within 
the group. In 2018, one of the males (Mauzer) successfully bred with one of the 
females, therefore this introduction could be considered successful. There have 
been other behavioural issues, however; unlike the other male (Joe), he had not 
successfully integrated with the entire group. Mauzer had to be mixed with a small 
number of females either in the indoor house, or in the outdoor area of the enclosure. 
This was due to aggression that occurred when Mauzer was placed with the entire 
133 
 
group that resulted in him escaping the enclosure. At the time of writing, however, 
Mauzer has been mixing peacefully with the entire lion-tailed macaque group, so 



















The effectiveness of enrichment in two captive groups of lion-tailed 
macaques at Fota Wildlife Park 
7.1 Abstract 
 Environmental enrichment is frequently used to improve the captive 
environment, aiming to enhance the quality of captive animal care. The 
effectiveness of two types of enrichment were analysed in this study with two small 
captive groups of lion-tailed macaques. In one group, social enrichment was 
employed to reduce pacing in one male macaque, with instantaneous scan sampling 
data collected before and after the introduction of another male. In the other group, 
the effectiveness of several water-based enrichments were examined by observing 
the frequency of interaction with each enrichment type. Data were analysed using 
randomisation tests, G-tests and Wilcoxon signed-rank tests. For the social 
enrichment, the results show clearly that the introduction of the new male 
significantly (p < 0.01) reduced the frequency of pacing in the first male. In the 
water-based enrichment, there was a difference in the frequency of interaction 
between the different enrichment types, particularly between food-only and mixed 
although this was not statistically significant different. The social enrichment in this 
study had a positive effect on the behaviour of the male macaque, by reducing the 
frequency of pacing. The water-based enrichment study showed that the provision 
of non-food items, along with food items, can increase interaction with an 
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enrichment. This type of enrichment is also simple, cost-effective and easy to 
modify, making it ideal for many zoos 
7.2 Introduction 
Environmental enrichment is frequently used to improve the captive 
environment, aiming to enhance the quality of captive animal care (see general 
introduction of this thesis). Enrichment is not only important for improved welfare 
in captivity but is increasingly seen as vital in improving reintroduction success, 
such as improving foraging and social skills (Reading et al., 2013).  
Enrichment has been shown to have a positive effect on the behaviour of 
captive animals (Shyne, 2006) and is also commonly applied to manage animals 
exhibiting stereotypical behaviours. Defined as repetitive behaviours induced by 
frustration and/or repeated attempts to cope (Mason, 2006), in primates 
stereotypical behaviour can include pacing as well as hair-pulling and self-biting. 
They can arise in animals that are frustrated (unable to perform certain behaviours), 
living in stressful environments (near aggressive individuals or high numbers of 
visitors for example), or housed in sub-optimal environments (barren enclosures) 
(Shyne, 2006). While stereotypies are not always a reliable measure (e.g. Mason & 
Latham, 2004), they can be a sign of poorer animal welfare, and it can be 
particularly distressing for visitors. Miller (2012) found that visitors’ perception of 
animal care and interest in visiting zoos decreased after viewing animals exhibiting 
stereotypical behaviours.  
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Social enrichment, or providing social contact with conspecifics, is 
considered to be the most effective form of enrichment for captive primates, 
promoting positive welfare; social groupings can be in the form of pair-housing and 
small or larger group housing, and individuals can vary in terms of sex and age 
(Lutz & Novak, 2005).  For example, in a study on lab-housed rhesus macaques, 
Baker et al. (2012) found that pair-housing (males and females) led to a reduction 
in abnormal behaviours and an increase in active behaviours in individual 
macaques. Lion-tailed macaques that are singly-housed tend to exhibit greater 
levels of abnormal behaviours than group-housed macaques (Mallapur et al., 2007), 
with male macaques exhibiting more abnormal behaviours when housed 
individually (Lutz et al., 2003). These abnormal behaviours can include pacing, 
self-biting and hair-pulling. Pair-housed individuals also tend to spend more time 
engaged in activity, including foraging, than single-housed individuals (Eaton et 
al., 1994; Schapiro et al., 1996; Mallapur et al., 2007).  
Water as a form of enrichment has great potential, particularly for macaque 
species, several of which have been observed to frequently swim and forage in 
water (Robins & Waitt, 2011). Water enrichment can increase exploratory 
behaviour and tool use, with the added benefit of being cost-effective and readily-
available (Robins & Waitt, 2011) and the provision of water as enrichment has been 
found to promote object manipulation (Parks & Novak, 1993). The inclusion of 
non-food items like stones and shells in a water-based enrichment is also thought 
to help promote exploratory behaviours and tool use; Huffman and Quiatt (1986) 
observed Japanese macaques gathering and carrying stones, as well as rolling and 
rubbing the stones in their hands (also seen in the lion-tailed macaques in Fota (pers. 
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obs. February 2015). Water enrichment in particular was chosen for the macaques 
in Fota Wildlife Park as they had been observed fishing regularly in the water 
surrounding the island enclosure, particularly for crabs, occasionally wading out to 
greater depths and even swimming completely across the water barrier to the visitor 
paths (mentioned in chapter five: pers. obs., 2014). 
The objectives of this chapter were: 
1. To compare the frequency of pacing behaviour in a singly-housed male lion-
tailed macaque before and after the introduction of another male; 
2. To examine the effectiveness of different types of water enrichment in pair-




This research took place in Fota Wildlife Park, Carrigtwohill, Co. Cork, 
Ireland. The two macaque groups were formerly a part of the main macaque group 
in Fota and had been separated as part of the long-term management plan (EEP).  
7.3.1 Social enrichment 
The first enrichment study observed the effectiveness of social enrichment 
in reducing the frequency of pacing in a male macaque. This group of lion-tailed 
macaques was composed of two adult males (Ral 4377; Casey 4628), housed 
separately in a small off-exhibit enclosure located in the keepers’ yard (Figure 7.1). 




            
Figure 7.1, 7.2 & 7.3. The off-exhibit area where the three male lion-tailed 
macaques were housed over the course of the social enrichment study. Top picture 
is of the outside pens, with various climbing structures, cargo net, slide, etc. Bottom 
left is of the indoor pens. Bottom right is one example of the food-based 
enrichments regularly given to the macaques; a tube with peanut butter. 
Photographs © R Newman 
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them each, both indoor and outdoor (Figure 7.2). There was no visitor access in this 
area, except during supervised tours, but with no visitor interaction with these 
macaques. The pens contained various items including boxes, a slide and visual 
barriers (partitions) between the pens. As part of the husbandry routine at Fota 
Wildlife Park, these macaques were given several types of enrichment feeders over 
the course of the study, including socks, bags, frozen foods, as well as scatter feeds 
on the top of the pen (Figure 7.3). These males had been separated from the main 
macaque group and the long-term goal was to have these two macaques 
successfully housed together, allowing for them to eventually be relocated to 
another zoo. 
This study took place from the 26th June 2017 to 25th August 2017. Data 
were collected on Casey’s pacing behaviour over the course of four days, using 
instantaneous scan sampling, every minute over an hour, between 10.30 h and 11.30 
h, 13.30 h and 14.30 h, 16.30 and 17.30 h, for a total of 720 scans. After this initial 
sampling, the juvenile male (Oisín 5070) was introduced to Casey. Data were 
collected again over a period of eight days using the same methods, for an additional 
1440 scans.  
7.3.2 Water enrichment 
The second enrichment study examined the effectiveness of different water-
based enrichments by recording the frequency of interaction with each enrichment. 
This group of lion-tailed macaques was composed of an adult male (Jamal 4057) 
and adult female (Kizzy 3346) (non-breeding). The first trial of this study took place 
from 12th March to 6th April 2018 when the two macaques were housed together on 
140 
 
a 420 m2 island enclosure, as described in chapter two (Figure 2.1 and 2.2 of this 
thesis). The enrichment trail took place in one of the indoor houses (Figure 7.4). 
The study was then repeated from the 30th May to 25th June 2018 after the 
two macaques were relocated to a small enclosure located in the Tropical House at 
Fota. This enclosure is composed of indoor and outdoor pens and is not accessible 
to visitors (Figure 7.5). Data were collected using instantaneous scan sampling. 
Over a 30-minute period, at 30-second intervals, it was recorded if either macaque 
was interacting with the enrichment. The time of day sampled was randomly 
chosen, and began at either 10.30 h, 12.30 h or 14.30 h, with slight variations 
depending on keeper availability.  
Enrichment was given using a reversal design, alternating between water-
only and intervention (food-only, non-food-only, mix of both food and non-food) 
(Alligood et al., 2017). Enrichment type was chosen at random; each type was 
placed in a bucket (two-thirds full of water) that was secured to the inside pen 
(Figures 7.6 and 7.7). Food items included small amounts of nuts and seeds, leafy 
greens and starchy vegetables. The non-food items were coloured rocks and shells. 





    
Figure 7.4, 7.5, 7.6 & 7.7. The water enrichment study on the male and female lion-
tailed macaques. Top left: Indoor pens in the indoor enclosure during the first 
enrichment trial. Top right: Indoor pens at the off-exhibit site during the second 
enrichment trial. Bottom left: Enrichment with non-food only items (shells, stones). 
Bottom right: Enrichment with food-only items (leafy greens on top). Photographs 
© R Newman 
7.3.3 Data analysis 
Data were analysed using R 3.4.3 (R Core Team, 2017). To compare the 
pacing behaviour exhibited by Casey before and after Oisín was introduced, 
randomisation tests were used, as outlined in Bishop et al. (2013). The standardised 
residuals were then calculated to determine which cells contributed to the results. 
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For the water enrichment, randomisation tests were also performed to compare the 
level of interaction between each enrichment type. Wilcoxon signed rank tests were 
used to determine the individual differences in interaction with enrichment between 
the two trials. Variability is described using standard error (±SE). 
7.4 Results 
7.4.1 Social enrichment 
A randomisation test was performed on the difference between the 
frequency of pacing behaviour per day of the male Casey before and after the other 
male (Oisín) was introduced. 1000 re-randomised pseudosamples were generated 
by randomising all of the pacing frequencies across both conditions. The difference 
between the mean frequency of pacing behaviour before and after the introduction 
of Oisín was equal or greater than the observed value (57.87) in 3 of the 1000 
permutations (proportion = 0.003). Therefore, the observed difference is 
statistically significant (p < 0.01; two-tailed).  
7.4.2 Water enrichment 
The randomisation tests performed were on the difference in interaction 
between water-only and food-only enrichment, food-only and non-food 
enrichment, and food-only and mixed enrichment. 1000 re-randomised 
pseudosamples were generated by randomising the interaction frequencies across 
each enrichment. Although both macaques interacted more with the food and mixed 
enrichment, the randomisation tests found no significant (p < 0.05) difference 
between any of the enrichment types. 
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Figure 7.8 shows Jamal’s interaction with each enrichment. A significant 
difference was found between Jamal’s interaction with all of the enrichments in the 
two trials, with more interaction in trial 1 (13.7% ±1.4; p < 0.001) compared to trial 
2 (7.5% ± 0.9). Figure 7.9 shows Kizzy’s interaction with each enrichment. A 
significant difference was also found in Kizzy’s interaction with the enrichment 
between the two trials (p < 0.001); Kizzy interacted more with the enrichment 
during trial 2 (9.33% ± 0.01) compared to trial 1 (8.33% ± 0.01). 
 
 
Figure 7.8. The frequency of Jamal’s interaction with each enrichment type (food, 
mix, non-food and water only) over the entire study at Fota Wildlife Park. 
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Figure 7.9. The frequency of Kizzy’s interaction with each enrichment type (food, 
mix, non-food and water only) over the entire study at Fota Wildlife Park. 
 
7.5 Discussion 
7.5.1 Social enrichment 
The introduction of another male dramatically reduced the frequency of 
pacing behaviours exhibited by the male macaque Casey in this study. Other studies 
have shown that pair or group-housing can significantly reduce the frequency of 
abnormal or stereotypical behaviour. For example, Schapiro et al. (1996) found that 
group-housed juvenile rhesus macaques exhibited significantly fewer abnormal 
behaviour than individually housed juveniles. Abnormal behaviour was also found 
to decrease in group-housed baboons that were previously singly-housed (Kessel & 
Brent, 2001). Spring et al. (1997) reported in their study that singly-housed squirrel 
monkeys (Saimiri sciureus) spent more time engaged in stereotypical behaviour 
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than the group-housed monkeys, who generally spent more time grooming and 
engaged in active behaviours.). While a study on pair-housing adult female 
macaques found that affiliative and active behaviour increased, it did not result in 
a reduction of abnormal behaviour (Eaton et al., 1994), suggesting the effects may 
vary by individual or group. 
It is thought that providing enrichment and then removing it can create more 
behavioural problems than no enrichment at all (Latham & Mason, 2010), and as 
Casey (and Ral) was removed from a naturalistic enclosure with multiple 
conspecifics, to a single-housed concrete enclosure, this may have induced 
stereotypical behaviours. Repetitive behaviours like pacing are also seen as coping 
mechanisms in stressful environments (Mason & Latham, 2004). Casey was 
noticeably stressed (e.g. pacing became more frequent, as well as vocalisation (pers. 
obs.)) in the presence of Ral (the more dominant and aggressive male) before Oisín 
was introduced. 
Typically, male lion-tailed macaques do not tolerate one another 
(Kaumanns & Singh, 2012; Singh et al., 2011), and in studies on other macaque 
species, the pair-housing of males was less successful than for females, with males 
interacting less with each other (Crockett et al., 1994). However, it has been shown 
in lion-tailed macaques previously that introducing familiar conspecifics can reduce 
stress (Lindburg et al., 1997, as read in Price & Stoinski, 2007). All three of the 
macaques in this study were familiar with one another, as they all originated from 
the same group (at least two of the macaques were known to be paternally related), 
and although the two males housed together rarely interacted with one another, 
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there was also very little aggression noted (pers. obs., July 2017), and with the 
significant reduction in pacing behaviour exhibited by one male, the overall 
outcome of this introduction has been positive. 
7.5.2 Water enrichment 
Although not significant differences found, the two macaques in this study 
(Jamal and Kizzy) did interact more with the mixed and food-only enrichments 
provided, in comparison with the water-only and the non-food only enrichments. 
Interaction with the enrichment and object manipulation continued after the 
recording periods, as keepers noted the shells and stones scattered throughout the 
enclosure (keeper, pers. comm., June 2018). This is a possible limitation of the 
study and it could be improved by extending the sampling period or using recording 
equipment to monitor the macaques’ interaction with enrichment. The female 
(Kizzy) in particular interacted more with the enrichments containing non-food 
items during and after recording periods. Parks and Novak (1993) found that female 
rhesus macaques manipulated objects more than male macaques. Kizzy also tended 
to interact more with the enrichments when the male (Jamal) interacted less.  
Jamal was found to interact more with the enrichments in the first trial 
compared to the second trial. In the second trial, the two macaques were in a 
different temporary enclosure, with less space and foraging opportunities (in 
comparison to the previous enclosure). The male, Jamal’s interaction with the 
enrichment may have decreased by the second trial as the enrichment was less 
novel, or because the ties securing the bucket ‘failed’ more during the first trial, 
allowing Jamal to tip the bucket partially, or occasionally completely. When he was 
147 
 
unable to tip the bucket, he generally showed less interest in the items within (pers. 
obs., June 2018). This could be important in future applications of this type of 
enrichment; i.e. individuals may prefer the ability to manipulate the enrichment. 
The depth of the water provided may also have been an issue; a study on the 
provision of a pool for swimming, Anderson et al. (1994) found that diving in 
rhesus macaques did not occur at water levels less than 30 cm. It’s unclear whether 
the depth of the water affected interaction in the current study; providing this 
enrichment with various levels of water could be the focus of future research. 
7.5.3 Conclusion  
The social enrichment employed here had positive effects on behaviour of 
a male lion-tailed macaque exhibiting stress-related behaviours. This study also 
shows that, although the formation of all-male groups, particularly in lion-tailed 
macaques, is difficult (e.g. Kaumanns & Singh, 2012), it can also be beneficial, 
providing necessary social contact, especially in individuals that are already 
familiar with one another. The importance of familiarity has been seen previously 
in the establishment of an all-male group of lion-tailed macaques in Woodland Park 
Zoo (Bound et al., 1988, as read in Watts & Meder, 1996). Zoos increasingly have 
to deal with the issue of surplus males and the need to house them, which often 
leads to singly-housed males; all-males groups are perhaps a necessary solution to 
the problem of surplus males (Watts & Meder, 1996; Crocket, 1998; Stahl et al., 
2000). The current study show that familiar male lion-tailed macaques can be 
housed successfully together, and reiterates the need to, when removing males from 
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a group, remove them as a cluster rather than individually, as suggested by 
Kaumanns et al. (2013). 
The water-based enrichment study indicated that the provision of non-food 
items, along with food items, may increase interaction with enrichment, but further 
research is needed, possibly expanding on the data collection methods as suggested 
in addition to the sample size. This type of simple water enrichment could be 
effective as it is cheap and quick to set up and can be modified very easily. Costa 
et al. (2018) stated that enrichment tends not to be utilised regularly in many zoos 
due to economic or logistical constraints, so there is a real need for enrichment to 
be cost- and time-effective. This enrichment could also enhance visitor experience, 
as mentioned in chapter three; placing this type of fixed enrichment in viewing areas 
provides a greater opportunity for visitors to view an animal, increasing visitor 
















Chapter 8  
Conclusion 
8.1 Summary of main findings 
The lion-tailed macaque, endangered in its Western Ghats habitat, has been 
managed in European zoos by the European Endangered Species Programme for 
nearly 30 years. Although some success has been noted, overall the programme has 
faced several difficulties, not least the low number of breeding females and high 
infant mortality. Factors such as group size and composition, as well as 
management practices including removal of certain individuals, are thought to have 
an effect on the overall reproductive success of the captive EEP population, but by 
and large, it is not known why so few females are breeding (Kaumanns et al., 2013). 
This research focused primarily on one of the more successful captive group of lion-
tailed macaques (see Table 1.1), in Fota Wildlife Park, to observe the behaviour of 
this group, compare this behaviour with other captive groups housed in European 
zoos, and to make recommendations based on this research on how to improve the 
success and general well-being of this species in captivity. 
Enclosure complexity was determined to have a significant impact on the 
behaviour of these primates. The size of the social group was also found to have a 
significant effect on behaviour. The presence or absence of fruit in the diet, while 
it may have implications for physical health, was found to have no major influence 
on behaviour.  
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Relocations can be a common occurrence for captive animals and a new 
captive environment can provide novelty and stimulation and encourage 
exploratory behaviours. For the lion-tailed macaques in Fota Wildlife Park, the new 
enclosure was larger but not as complex as the old enclosure. Behavioural diversity 
decreased after the move to the new enclosure, which may be a cause for concern. 
However, the frequency of out of sight observations also increased after the move 
to the new enclosure, possibly because the new enclosure provided more 
opportunities to be out of sight. This increase in time out of sight may have 
implications for visitor experience, as the macaques were more difficult to view in 
the new enclosure, which can affect a visitor’s interest in an exhibit (e.g. Fernandez 
et al., 2009).  
The new enclosure also placed the macaques in greater proximity to visitors 
in comparison to the old enclosure, so some visitor effect was expected. Other 
studies have shown that increased visitor presence leads to increased aggressive, 
abnormal behaviours and decreased foraging behaviours (Wood, 1998; Fernandez 
et al., 2009). This chapter, however, revealed that the increased proximity to visitors 
did not have either a positive or negative effect on behaviour, but this was explored 
more in depth in the next chapter. 
The presence of visitors was found to have an effect on the behaviour of the 
macaques in Fota Wildlife Park, encouraging more feeding behaviours. Higher 
levels of noise also resulted in the macaques using the edge zone of their enclosure 
more. Low visitor and noise levels resulted in increased observations of affiliative 
behaviours in these macaques along with centre zone use of the enclosure. These 
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results suggest that the effect of visitors may not be negative for this group of lion-
tailed macaques. Although visitors may not have a negative impact, the frequent 
sightings of visitors feeding the macaques is a cause for concern and should be 
addressed (i.e. through improved signage). 
Studies undertaken on the lion-tailed macaques in Fota Wildlife Park 
between 2006 and 2012 revealed that changes in group composition had significant 
impacts on behaviour. The loss of a dominant adult male, and subsequent removals 
of adult females, resulted in fewer observations of positive social behaviours 
between individuals, in addition to less foraging and activity. Group behaviour did 
not return to expected levels until a few years after the integration of the new adult 
male, when the group became more behaviourally stable. Kaumanns et al. (2013) 
suggested that alterations to group composition may be one of the factors 
contributing to the low reproductive success of the EEP lion-tailed macaque 
population, and that allowing females and young males to remain in their natal 
group may be crucial. This research supports this, by demonstrating that the 
removal or introduction of unfamiliar individuals can have a significant effect on 
behaviour. Although these changes are sometimes unavoidable, or even beneficial 
in the short or long-term (e.g. reducing aggression or prevent inbreeding), it is 
important to understand how the behaviour of these macaques may change.  
This chapter also revealed that undergraduate studies carried out in zoos, 
especially using similar methodologies over a number of years, can contribute to 
our understanding of a species’ behaviour and have been shown to enhance 
standards of care and can be important in increasing research output on typically 
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under-studied species (Rose et al., 2014), but also that these studies should be 
carefully managed. 
The introduction of unfamiliar individuals into a captive group can be 
stressful, resulting in aggression and injuries. When the three new males were 
introduced to the female and juvenile lion-tailed macaques in Fota Wildlife Park, 
active behaviours increased while self-directed behaviours decreased. Introducing 
unfamiliar individuals can be difficult, but using slow, careful methods of 
introduction and integration (visual contact before full body contact) may be 
essential to lowering. the risks of injury. This is supported by the high levels of 
aggression during the first few weeks of the introduction (during the ‘outside cage’ 
period of contact), which has also been seen in other macaques (e.g. Bernstein, 
1964; Clarke et al., 1995; Brent et al., 1997). The integration of unfamiliar 
individuals within a group takes time (Cooper et al., 2001; Schel et al., 2013), and 
the use of slow, careful integration methods in this chapter appears to be successful, 
despite the death of one male; there was one successful birth in the group in 2018, 
and both males have been integrated into the group at the time of writing, 40 months 
after the initial introduction. 
Before, and during, the introduction of the three new males, a number of 
individuals were removed from the main macaque group in Fota Wildlife Park, 
which resulted in the formation of two other separate small groups of lion-tailed 
macaques. Enrichment studies on these groups revealed that the use of social 
enrichment can dramatically reduce the frequency of pacing in a singly-housed 
male macaque; even in lion-tailed macaques, where males do not tolerate one 
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another, introducing a familiar male to another male can have positive effects on 
behaviour and welfare. The use of physical, water-based enrichments with the other 
macaque group showed that the use of non-food items along with food items may 
encourage more interaction, therefore increasing the effectiveness of the 
enrichment but further exploration is required. 
8.2 Future research 
The findings of this research can be expanded on by comparing more 
captive groups of lion-tailed macaques, in zoos in Europe, the U.S.A., and in India. 
Determining if the same factors influence behaviour in other captive groups is key 
to improving the care of this species.  
Over the course of this research, a personality study was carried out on the 
lion-tailed macaques in each of the four zoos (Fota Wildlife Park, Apenheul Primate 
Park, Bristol Zoo and Howletts Wild Animal Park) as well as Singapore Zoo. This 
paper was excluded from the main thesis due to issues with the methods used (e.g. 
lack of validation/inter-keeper evaluation; See Appendix VII for full paper). This 
research could be improved by including more individuals, to fully assess the 
personality traits of captive lion-tailed macaques and determine if sex, group size 
or rank has any impact on personality traits exhibited.  
8.3 Implications for husbandry and beyond 
This thesis has highlighted several ways in which lion-tailed macaque 
behaviour can be influenced by the zoo environment. As a result, the key 
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considerations for the care and management of this endangered species in captivity 
are: 
1. Behaviour is markedly influenced by changes in group composition, 
or size, and allowing groups to become stable can have positive 
results.  
2. Slow and careful methods of introduction and integration are 
preferable to minimise serious injuries and to ensure long-term 
success. 
3. Lion-tailed macaques do not appear to be negatively affected by the 
presence of, or noise generated by, visitors. The knowledge that 
macaques at Fota preferred use of the edge zone during high visitor 
numbers may be utilised in the provision of enrichment, enhancing 
visitor experience. 
4. The availability of retreat space may be key in regulating the impact 
of visitors; providing constant access to off-exhibit areas and the use 
of visual barriers (e.g. vegetation) are important.  
5. All-male lion-tailed macaque groups can be successfully formed, 
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Male Female Juvenile 
2014 
(21) 











31/8/2010 [4YR]   





28/10/2010 [4YR]   





16/12/2010[4YR]   
   Mogsey 3348 
26/12/2007 [6YR] 
Fizzy 4562 
26/9/2011 [3YR]    
   Tish 4191 
28/12/2007 [6YR] 
Pat 4603 
17/2/2012 [2YR]    
   Jade 3425 
22/9/2009 [5YR] 
Casey 4628 
26/3/2012 [2YR]    
    Oisín 5070 
22/2/2013 [1YR]     
    Hugh 5041 
14/11/2013 [1YR]     
    Sally 5069 
2/12/2013 [1YR]     
2015 
(18) 





1/1/2011 [4YR]  





26/9/2011 [4YR]   
   Lizzy 3113 
2/3/2002 [13YR] 
Pat 4603 
17/2/2012 [3YR]    
   Kizzy 3346 1 
14/11/2002 [13YR] 
Casey 4628 
26/3/2012 [3YR]    
   Mogsey 3348 
26/12/2007 [7YR] 
Oisín 5070 
22/2/2013 [2YR]    
   Tish 4191 
28/12/2007 [7YR] 
Hugh 5041 
14/11/2013 [2YR]    
   Jade 3425 
22/9/2009 [6YR] 
Sally 5069 
2/12/2013 [2YR]    
   Warfi 4444 
31/8/2010 [5YR] 
 
    
   Kelly 4467 
16/12/2010 [5YR] 
 




















Casey 4628 1 
26/3/2012 [4YR]  
  Lizzy 3113 
2/3/2002 [14YR] 
Oisín 5070 1 
22/2/2013 [3YR]   
  Mogsey 3348 
26/12/2007 [8YR] 
Hugh 5041 
14/11/2013 [3YR]   
  Tish 4191 
28/12/2007 [8YR] 
Sally 5069 
2/12/2013 [3YR]   
  Jade 3425 
22/9/2009 [7YR] 
 
   
  Warfi 4444 
31/8/2010 [6YR] 
 
   
  Kelly 4467 
16/12/2010 [6YR] 
 
   
  Fizzy 4562 
26/9/2011 [5YR] 
 














2/12/2013 [4YR]  
  Lizzy 3113 
2/3/2002 [15YR] 
Kofi 
July 2018   




  Tish 4191 
28/12/2007 [9YR] 
 
   
  Jade 3425 
22/9/2009 [8YR] 
 
   
  Warfi 4444 
31/8/2010 [7YR] 
 
   
  Kelly 4467 
16/12/2010 [7YR] 
 
   
  Fizzy 4562 
26/9/2011 [6YR] 
 
   
  Pat 4603 
17/2/2012 [5YR] 
 
   
1Removed from main group      2Relocated to Belfast Zoo    3Deceased 
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Appendix II. Ethogram of all the lion-tailed macaque behaviours observed over the 






Forage Searching for food 
Feed Handling and eating of food 
Interaction with EE Interaction with food-based enrichment 
Drink 
Drink of water (involves leaning forward and lapping 
water most often) 
Active  
Walk Slow paced movement 
Run Fast paced movement 
Climb Climbing up or down any elevated structure 
Swing Moving from structure to structure or hanging using limbs 
Jump Jumping from structure to structure 
Rest  
Sit Idly sitting 
Stand 
Idly standing on all four limbs, not interacting with 
anything 
Rest 
Lying down idle. Includes sleep as difficult to tell if eyes 
are open/closed. 
Affiliative   
Sexual 
Inspection/Presentation 
Lifting of the tail area to inspect or smell genital 
area/presentation of genital area to another 
Mounting 
One individual climbing on another to initiate 
copulation/dominance display 
Copulation Sexual intercourse 
Interaction with 
infant/parent 
Contact between infant and mother, either through 
vocalisation, playing or carrying 
Allogroom Individuals grooming or being groomed by another 
Play 
Interaction between individuals through chasing, rolling, 
swinging or wrestling 
Huddle 
Two or more individuals sitting close together with no 
grooming taking place 
Embrace Individuals embracing one another 
Lip-smack 
Repetitive movement of lips towards another, usually more 
dominant, individual  
Mouth-touch 








Scratch Individual scratching itself 
Autogroom Individual grooming itself 
  
Aggression 
Threatening or defensive behaviour including posture, 
vocalisation, chasing 
  
Out of Sight Individual not visible to observer 
  
Other  
Pace Continuous and repetitive walking back and forth 
Spin Individual spinning in circle 
Chew non-food objects 
Individual chewing/biting on objects within enclosure 
including bars, wire fences, plastic items, wood, etc. 
Yawn Opening mouth wide to breathe deeply 
Vocalisation 
Any vocalisation made by an individual (excluding 
during aggressive encounters) 
Vigilance Straight posture with head scanning or staring 
Interaction with visitors Staring at visitors, waiting for food from visitors 
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Appendix III. All offspring of the female lion-tailed macaques in Fota Wildlife Park from 









Date: Visitors: Precip: Temp: 
Time: Type: CC: 
Behaviour 1 2 3 4 5 6 7 8 
Forage         
Feed         
Drink         
Vigilant         
Scratch         
Walk         
Run         
Climb         
Swing         
Jump         
Interact with EE         
Sit         
Rest         
Stand         
Sexual Inspection/Presentation         
Mount         
Copulate         
Aggression         
Allogroom         
Autogroom         
Play         
Interact with infant/parent         
Huddle         
Embrace         
Vocalisation         
Yawn         
Out of sight         
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Appendix VII. Chapter on personality in lion-tailed macaques excluded from main 
thesis. 
Personality traits in four captive groups of lion-tailed macaques (M. silenus) 
Abstract 
 Personality studies have become increasingly common over the last few 
decades, primarily in primate species. Personality varies by individual and in captive 
animals can be further influenced by numerous factors, including group size, rearing 
method and sex. In this study, dominant and subordinate male and female lion-tailed 
macaques were assessed to determine differences in personality traits in response to 
rank, sex and group size. Surveys were sent to the lion-tailed macaque keepers of four 
different zoos, with each keeper asked to rate on a scale of 1 to 7 the strength of each 
of the 13 described traits in one dominant male and female and one subordinate male 
and female. The data were analysed using a principal component analysis with an 
oblique rotation and two components were identified. Non-parametric tests were used 
to determine differences between rank, sex and group size. The two components were: 
assertive, agonistic, and persistent with a bold response to novelty; and active, sociable 
and persistent. Analysis showed no differences in personality in response to group 
size. Both male lion-tailed macaques and dominant individuals were found to score 
significantly higher on component one. Personality assessments can be a valuable tool 
in improving the management of zoo animals, including in social introductions and 
the application of enrichment. Future research should focus on expanding the scope of 
this study to include more zoos and individual lion-tailed macaque to advance the 
understanding of personality differences in this species, and the possibility of using 




The study of personality in non-human animals has become increasingly 
common over the last few decades, with primates the most commonly studied 
(Freeman & Gosling, 2010; Tetley & O’Hara, 2012). While the definition of 
personality varies, essentially it can be described as ‘consistent behavioural 
differences in individuals over time and across contexts’ (Powell & Gartner, 2011). 
Personality is dependent on species as well as individual; Martin (2005), for example, 
found that the sex of chimpanzees had an effect on personality type.  
In captivity, factors such as group size and rearing method, and other 
environmental factors, can further impact personality (Murray, 1998; Martin, 2005; 
Bengston & Jandt, 2014). While studies on personality are less common in zoos than 
in laboratory settings (Freeman & Gosling, 2010), personality assessments are an 
important tool for zoos as they can help improve management practices; individual 
differences in personality can affect behaviour, reproduction and even training success 
(Tetley & O’Hara, 2012; Wergård et al., 2016). 
This study looked at the personality traits of five captive groups of lion-tailed 
macaques, focusing on the personality traits of dominant and subordinate males and 
females. The aim of this study was to determine if there were any differences in 
personality of these macaques in response to rank, sex or group size. 
Methods 
This study was carried out across four zoos in Europe: Fota Wildlife Park, 
Ireland; Apenheul Primate Park, The Netherlands; Bristol Zoo, UK; and Howletts 
Wild Animal Park, UK (see chapter two for zoo details) and in Singapore Zoo. When 
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the survey was carried out, Singapore Zoo had two small groups of lion-tailed 
macaque that were housed off-show. One group contained one dominant male and a 
female, while the other group consisted of a dominant male and female and two other 
females. Surveys were used in this study to assess personality traits (see Appendix 
VIII), which were sent to the keepers that worked closely with the macaques; the 
keepers had the option of completing the survey either online or paper/email based. 
The keepers were instructed to complete the survey themselves, with no input from 
anyone else.  
The survey listed 13 different personality traits, based on a study carried out 
by Rouff et al. (2005). A full list of the traits and description are listed in Table 1. For 
each individual macaque (one dominant and one subordinate male; one dominant and 
one subordinate female; four macaques in total from each zoo), the keepers were asked 
to rate on a scale of 1 to 7 the strength of each described trait, from hardly ever seen 
to seen near constantly. The rating system was based on a study undertaken on captive 
chimpanzees by Martin (2005).  
The data gathered were analysed using R 3.4.3 (R Core Team, 2017). The 
scores from the surveys were inputted, along with the group size of each zoo, and the 
rank and sex of each individual. The data were analysed using a principal component 
analysis (PCA) with an oblique rotation (allowing for correlation).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
PCA establishes which linear components exist within a dataset and how certain 
variable(s) may contribute to that component (Field et al., 2012). The Kaiser-Meyer-
Olkin (KMO) measure verified the sampling adequacy for the analysis and Bartlett’s 
test of sphericity assessed correlation between variables as outlined in Field et al. 
(2012). Three variables were found to have KMO values below the acceptable limit 






After the exclusion of these variables, KMO = 0.77, and all individual 
variables were > 0.50, which is above the acceptable limit. Bartlett’s test, χ2(45) = 
164.67, p < 0.001, showed that correlations between variables were sufficiently large 
for PCA. An analysis was run to obtain the eigenvalues for each component in the 
data. Two components had eigenvalues over Kaiser’s criterion of 1 (Field et al., 2012), 
and the scree plot indicated that two components were meaningful. Factor scores were 
obtained, representing how much each variable relates to the component. Kruskal-
Wallis test was chosen as a non-parametric alternative to the ANOVA test, to compare 
more than two groups (group size), and Mann-Whitney U was chosen to compare two 
groups (rank and sex). Correlation analysis was performed to examine the 
relationships between the components and group size using Spearman’s correlation 
coefficient. 
Table 1. Description of personality traits used in the personality surveys. 
Personality Trait Description 
Sociable Spends a lot of time with other, allogrooming, playing 
Solitary Out on own 
Active Engages in active behaviour 
Inactive Predominantly resting behaviours 
Bold response to novelty Shows interest, not afraid 
Cautious response to novelty May show interest but does not approach quickly 
Assertive (Dominant) Displaces others without aggression 
Submissive Yields place, food or affiliative relationship to another 
Gentle No threat/aggression when others interact 
Agonistic  Threatens others 
Welcome Others allow individual to approach 
Avoided  Others move away when individual approaches 
Persistent  Will try repeatedly to gain an item; re-approaches 




Table 2 shows the standardised loadings after rotation of the two components 
that were determined to be important and that explained 70% of the variance. 
Component one contains assertive, agonistic and persistent traits, with a bold response 
to novelty. Component two contains persistent, active and sociable traits. The analysis 
showed that there was no significant relationship between any of the components and 
mean group size. A difference was found between rank and personality, and sex and 
personality. Dominant individuals scored significantly higher (U = 121; p < 0.001) on 
Component one than subordinate individuals, while male lion-tailed macaques (U = 













Table 2 Standardised loadings after rotation of the two components 
 Component 
Traits 1 2 
Sociable - 0.94 
Solitary - -0.89 
Active - 0.58 
Bold response to novelty 0.83 - 
Cautious response to novelty -0.93 - 
Assertive/Dominant 0.73 - 
Submissive -0.98 - 
Gentle -0.74 - 
Agonistic 0.85 - 





In this study, two components were identified. Component one consisted of 
assertive, agonistic and persistent traits, with a bold response to novelty. Component 
two consisted of the sociable trait, with active and persistent also significant. Rouff et 
al. (2005) identified agonistic as an important trait in analysing the personality of lion-
tailed macaques; their study also categorised a component similar to component two 
in the current study, with sociable and affiliative traits being significant. This may be 
important in the management of these macaques in captivity. Lion-tailed macaques 
are reportedly the least sociable among their genus (e.g. Hohmann, 1988; Harvey & 
Lindburg, 1991; Sakthivelou & Kumar, 1998; Kaumanns et al., 2006; Singh et al., 
2011; Kaumanns & Singh, 2012) and strong agonistic traits within the species may 
have an impact when introducing unfamiliar individuals, such as seen in chapter four 
of this thesis.  
Although no differences in personality and group size were found in this study, 
a difference was seen in sex and personality traits, and other studies have found that 
group size and sex can have an impact on personality traits in other primates. In studies 
on captive chimpanzee, males, and older females, were generally found to be more 
dominant and aggressive while females were more curious individuals (Martin, 2005), 
while those in larger groups tended to be more sociable (Murray, 1998). In lion-tailed 
macaques, females have been found to be sociable and affiliative, while males were 
more aggressive and dominant (Rouff et al., 2005), similar to what was found in this 
study. 
The rank of an individual also appears to influence personality; differences in 
personality and rank have been seen in vervet monkeys (McGuire et al., 1994). In pig-
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tailed macaques, dominant individuals are more confident and opportunistic than 
subordinate individuals (Caine et al., 1983). In the current study, the rank of an 
individual lion-tailed macaque did have an effect on personality type. Dominant 
individuals were found to be more assertive and agonistic (component one). Rouff et 
al. (2005) had a similar result, with higher-ranking lion-tailed macaques scoring 
higher on components containing agonistic and assertive personality traits.  
The dominant lion-tailed macaques in this study tended to have a bolder 
response to novelty (component one) compared to the subordinate individuals. This 
could potentially have an impact on choosing enrichment for macaques (e.g. 
subordinate individuals may take longer to interact with a novel item), and even on 
training. Kemp et al. (2017) found that dominance rank was a predictor of time taken 
to train rhesus macaques, with subordinate individuals taking longer to train, while in 
long-tailed macaques personality traits were found to have more of an impact on 
training success than rank (Wergård et al., 2016).  
 Limitations of this study 
Surveys have been used on numerous occasions to successfully assess 
personality traits in various species (Martin, 2005). Using keepers to assess personality 
of zoo animals has faced several criticisms, including that the results are subjective 
and can be affected by variation in keeper experience (Watters & Powell, 2012). 
However, a review by Tetley & O’Hara (2012) found that overall keepers are reliable 
and valuable in assessing captive animal welfare. Keepers have the advantage of 
knowing animals as individuals and see them respond repeatedly to various situations 
(Watters & Powell, 2012). 
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This study provided an insight into the personality differences among lion-
tailed macaques. As only dominant and subordinate individuals were included, along 
with only five zoos, the sample size was low, therefore the assessment of the effects 
group size on personality was limited. Future research should aim to include more 
zoos and more individual lion-tailed macaques within each zoo to further understand 
personality differences in lion-tailed macaques and how they can impact welfare in 
captivity. 
Conclusion 
Individual personality assessments can be a vital tool in improving the 
conservation and management of zoo animals (Martin, 2005; Watters & Powell, 2012; 
Tetley & O’Hara, 2012; Gartner & Weiss, 2013; Colchen et al., 2017; Hopper et al, 
2018). These assessments can help improve breeding success, for example in 
predicting outcomes and managing social introductions (Coleman, 2012), husbandry 
(e.g. training) and welfare, such as providing more appropriate enrichment, which is 
of particular importance with species such as the endangered lion-tailed macaque. 
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Appendix VIII. Personality surveys used in personality paper from Appendix VII. 
Personality Questionnaire for the Lion-Tailed Macaques (Macaca silenus) 
 
▪ The purpose of this survey is to assess the personality trait of the dominant 
and subordinate macaques in the captive group. 
▪ This survey should only be filled out by individuals who are very familiar with 
the macaques. 
▪ For this survey, please use a separate questionnaire for each macaque, 
focusing on the dominant male and female, and one subordinate male and 
female. 
▪ Please read and consider each trait description carefully and circle the rating 
that best describes the strength of that behaviour for each macaque. 
▪ Please also remember to put the name and rank (dominant/subordinate) of 
each individual on the top of each questionnaire sheet. 
▪ Please do not ask anybody else for their opinion on any of the questions. 
Finally, if you have any questions or problems please email me at 
r.newman@umail.ucc.ie 
Thank you for your participation in this survey. 
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